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AUTHOR’S PREFACE. 


The publication of the first edition of' this Avork commenced 
in numbers, in the year 18 G 1 . I consider it necessary to 
mention this' fact, because several of the original explanations 
it contains wore, during its publication, given in the works of 
other authors without any indication of the source from which 
they had been derived. 

Technical Avorks, especially such as treat of the watchmaking 
art, would without question be more easily understood if they 
could be made brief and didactic ; but such a practic'e at the pre- 
sent day, when theoretical instruction is unfortunately but pai'- 
tially accessible to Avatchinakers, Avould defeat the object of the 
author, Avhich clearly should bo to place such information, as 
well as practical results thoroughly established by experiment, 
within the reach of manufacturers and all others interested in 
the subject. 

This fact Avill not only explain the elaborate details which 
I have given in considering certain subjects, but Avill also 
justify both the plan of the Avork and the method adopted in 
the theoretical and practical explanations. 

It is unnecessary to enumerate the noA’cl features in the 
work, or to refer to the toil Avhich its preparation has involved. 
Any one will be able, after consulting former treatises, to do me 
justice in this matter. I would only add that my chief aim 
has been to make the volume useful to the greatest jjossible 
Humber of those who live by our delicate and diflficult industry, 
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and, at tlie same time, to bo honest both in style and in the- 
opinions I express ; only asking that those who succeed me or 
who discuss the principles which I have laid down, will judge 
me as I consider myself at liberty to judge others. 

I have pursued my researches and my various experiments 
just as they are hero described ; without prejudice, and endea- 
vouring to be just and truthful in all cases, especially where I 
W'as compelled to discuss individuals. 

I will conclude by the expression of a hope : 

May a highly intelligent young student of the subject, with 
an honest heart, untainted by any of the paltry jealousies with 
■which he may, as I have done, come in contact in the course of 
his labour, enter on the rough but useful path which I havo 
opened up ; may he surpass mo in bis success and I shall be 
the first to congratulate him, on condition that Ko is careful to 
respect names as well as opinions, which, although possibly at 
times erroneous, are nevertheless conscientious. He -will thus 
do himself honour, and the practice of kindliness and modesty 
will become easy to him if he keeps in mind that sentiment 
of Pascal’s, ‘‘We should see no farther than those who havo 
gone before us, did not their knowledge serve as a stepping 
stone to our own.” 


CLAUDIUS SAUNIER. 



TRANSLATORS’ PREFACE. 


Very little explanation is necessary as to the circumstances that 
have led us to undertake the preparation of an English edition 
of Saunicr’s celebrated Traiie d* Horhgerie Moderne. England 
has so long held a foremost place in the manufacture of instru- 
ments for the accurate measurement of time that the almost 
total absence of horological literature is a matter of no little 
surprise. Periodicals, such as that published by the British 
Horological Institute, are of great value as afiording a medimu 
for the interchange of ideas between watchmakers and others, 
and for discussing doubtful points in connection with their art, 
but such journals are only in a position to supply fragmentary 
instruction for the younger members of the craft, for whose edu- 
cation a systematic treatise, such as that of M. Saunier, is es- 
sential. Indeed, the technical ignorance, too often displayed by 
working watch and clock makers and jobbers, cannot be 
wondered at so long as this want is left unsupplied. 

But the usefulness of such a treatise does not stop hero. The 
manufacturer and the foreman wdll find in it a collection of 
technical details that cannot fail to bo of the greatest ser^dce 
to them whatever be the branch of horology on which they are 
engaged, and the amateur will welcome the scientific discussion 
of an important and fascinating mechanical art in an exhaustive 
manner never before attempted in this 'country. 

In all the mechanical industries great efforts are being made 
at the present day in the cause of technical education, but in 
order that such efforts may be successful it is of the first import- 
ance that sound textbooks and competent teachers should bo 
provided. We believe the present volume well supplies the 
first of those wants as regards the science and art of the 
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subject with which it deals, and, although the number of those 
that are both able and willing to undertake the duties of 
instructors may, at present, be somewhat limited, it is reason- 
able to hope that, as the real demand for technical training 
increases, more teachers may be ready to help in the work. 

When this translation vras first undertaken, in 1877, we 
anticipated that a supplementary volume then in preparation 
by M. Saunicr would be published in time to form part of the 
work. Although this hope has not been fulfilled wo have 
arranged with the author to translate the appendix imme- 
diately on its publication. It will bo devoted to the subjects 
of electrical and turret clocks, sjiringing and timing and depths, 
as well as all the more recent researches connected with the art, 
and will be illustrated by 9 additional plates. 

In the meanwhile we are preparing a Watclmahcis Handbook, 
based on the Guide-manucl de Vhorloffcr et JRceucil des procedes 
pratiques of M. Saunicr, which, in addition to a detailed descrip- 
tion of the various tools and instruments employed, will contain 
unusually full practical explanations of the mode of preparing 
and working metals, methods of constructing and repairing the 
several parts of watches, etc., together with many useful tables 
and receipts. To this work reference is frequently made in 
the present volume. 

Feeling that the utility as a work of reference of such a 
treatise as that now presented to the horological reader depends 
in no small degree on the fulness of the index, wo have jn’c- 
pared an entirely new and very full one containing over two 
thousand references ; and it is believed that by referring to it, 
to the table of contents or to the key to the plates, the reader 
will in all cases be enabled at once to find the subject of his 
search. 

Measures of length and weight have for the most part been 
given both on the imperial and metric systems, but tables are 
also given at the end of the volume by the aid of which any 
required conversion can be effected. 
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ESCAPE ME ISTTS. 

INTRODUCTION 

TO THE STUDY OF ESCAPEMENTS. 


Preliminary Considerations. 

1, — Every machine intended for the measurement of time 
is composed of two distinct portions: One, the train, consists 
of a succession of toothed wheels, whose function it is to transmit 
to a definite point a motive force produced by a weight or 
spring; and the other, called the escapement, is a special 
mechanical apjdiance adapted to the end of a train of wheels in 
order to prevent a too rapid motion, and to regulate the expendi- 
ture of the motive force in such a manner that it is allowed to 
exhaust itself with the requisite slowness and uniformity. 

The theory of depths should thus precede the theory of 
escapements. We shall, however, for reasons given in a sub- 
sequent paragraph (1039), commence with the latter; but it 
should be observed that a knowledge of these two theories, 
depending as they do on identical mechanical principles, is of 
equal importance for attaining to precision and a permanent 
adjustment of watches, clocks, and other horological appliances. 

3. — Few branches of Mechanics have afforded a wider field 
for the ingenuity and sagacity of inventors than escapements ; 
and there is hardly a single watchmaker of note who has not 
produced one or more of original design. Thus the number of 
escapements is known to exceed a hundred ; but they do not 
constitute an enibarras de richesses, for only from ten to fifteen 
of this number have been retained in use, and the others, as 
Moinet wisely remarks, are rather examples of W'hat is to be 
avoided than patterns to be imitated. 

Such a result was, however*, only natural ; the majority of 
those who have produced novel escapements have been nearly, 
if not quite, wanting in that mechanical knowledge which is 
indispensably necessary. In their vanity, as skilled workmen, 
they were satisfied that skill alone, the genius of natural inven- 

1 



ESCAPEMENTS. 


tiveness, or rather some lucky and fortuitous hit, would enable 
them to discover the secretj of the exact measure of time far 
better than a careful study of the laws of Mechanics. A mass 
of designs, false' in principle, and more or less identical, was 
the consequence of this impression ; indeed, in several instances, 
successive generations of inventors have followed up the appli- 
cation of one ingenious but erroneous idea, and kept dropping 
into the false track already trodden by their ancestors. 

3. — It is a fact well worthy of note, winch we especially 
commend to the notice of students, that all those escapements 
which have held their place, were designed hy men who were 
good mechanicians, that is, men who supplemented a long and 
painstaking experience by sound theoretical knowledge. 

Classification of Escapements. 

4 . — ^Escapements are commonly divided into three prin- 
cipal classes, which may again be considerably subdivided : 

I. Becoil escapements, so named because, at a certain period 
of its action, the wheel moves backwards or recoils in a manner 
more or less marked. The verge escapement in watches and 
certain forms of anchor in clocks may be referred to as examples. 

II. Dead beat escapements, characterised by the fact that, 
except during the actual impulsion, the wheel remains 
stationary, a point being supported either against the axis of 
the balance itself or against an accessory juece, concentric with 
this axis, which catches it in its movement of rotation. Such 
are the cylinder and duplex escapements in watches, and the 
pin escapement and Graham’s escapement in clocks. 

III. Lastly, Detached escapements, which are also dead 
beat escapements, but whose principal characteristic consists 
in the fact that the balance performs its vibration in absolute 
independence of the wheel, except during the very brief periods 
of impulsion and unlocking. The wheel, then, does not rest on 
the axis of the balance, but on an intermediate and distinct 
piece. The lever escapement in watches, the detent escape- 
ment in chronometers, as well as several forms of escapement 
employed in clocks, come imder this category. 

5. — Some authors introduce a fourth class, including the 
constant force or remontoir escapements, but both theory and 
experience go to prove that, except in a few special cases, these 
arrangements, so expensive and so difficult to construct and to 
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keep in repair, have objections when employed in time-keepers 
of small dimensions with no suffici^t counteracting advantage. 

It will bo subsequently shown, especially when we come 
to the portion of the work relating to turret clocks, in what 
special cases remontoirs can render real service. 

Incompleteness of this Classifleation. 

6 . — The division into recoil and dead beat escapements, 
although usual, is not sufficiently precise. 

In the case of the duplex escapement, justly placed in the 
latter class, the wheel at a certain period moves slightly for- 
ward and then recoils to the same extent. Certain forms of 
anchor used in clocks produce a recoil, which, when the 
oscillations are short, commences or terminates an interval of 
rest. They thus partake, although in unequal proportions, of 
the nature of each class, and the same may be said of those 
which rest on one side and recoil on the other, etc. 

Comparison between Itecoll and Dead Beat 
Escapements. 

7. — The majority of authors consider the recoil escapement, 
from the very fact of a recoil existing, to be the least perfect 
of those in ordinary use ; but this decision is too absolute 
to be regarded as authoritative. The characteristics of the two 
classes of escapements are so manifestly different, that what is 
true of one, is not to an equal extent true of the other. The 
verge escapement, having a very considerable recoil, is justly 
placed lowest in the scale of comparison, and yet the duplex, 
notwithstanding a slight but visible recoil, surpasses some dead 
beat escapements in maintaining the going of a watch uniform. 

8. — The recoil is sometimes taken advantage of to neu- 
tralise the inequalities of the motive power, as is shown by the 
frequent employment of small anchors in ordinary timepieces ; 
but care is necessary, in such cases, to avoid all prejudicial fric- 
tion, which would inevitably occasion variations. The regularity 
of clock escapements with a considerable recoil is, in conse- 
quence of this fact, inferior, in nearly all cases, to that which we 
should obtain by replacing them by dead beat escapements. 

The expression ‘ ‘ considerable recoil ” is here used advisedly ; 
for if the effect of the recoil is retained within definite limits, 
and if its action commences only at a particular period in the 
interval of rest, beneficial results are obtained. This, at least, has 
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been established both from theoretical considerations and from 
an experience extending over more than twenty years, by a 
skilful French mechanician, M. Roz6. 

Compnrfson between Dead Beat and Detached 
Bscapements. 

9. — The escapements in which friction occurs nullify 
inequalities in the motive power sufficiently for ordinary 
purposes without being supplemented by the principle of 
isochronism, or by compensation for varying temperatures. But 
when the surfaces resting in contact are considerably reduced, 
these escapements lose their correcting properties; and if, on 
the contiary, they exceed certain limits, they give rise to the 
numerous perturbing causes occasioned by excessive friction, 
etc. Theory and experience have pointed out the best inter- 
mediate form, and it appears that the principal condition of 
attaining it consists in establishing a certain relation between 
the size and weight of the balance, and the radii of curvature 
of the surfaces between which friction takes place. This 
subject will be subsequently reverted to. 

10* The detached escapements employed in watches are 
considered preferable to those in which the rest is frictional, 
and a greater degree of precision can be attained by means of 
them. Their oscillations, except during a very brief interval, 
take place without contact with the motive power, and thus 
the friction is reduced to a minimum. It is, however, im- 
portant to distinguish between the requirements of every-dav 
life and those of science, for, as the mutual actions are mors 
delicate, the balance more free, and the friction less, so the 
adj^tment of the balance for temperature and the isochronisit 
of the balance-spring must be more perfect. Thus, for example, 
the chronometer escapement, which gives such excellent resultf 
when these two influences are properly co-ordinated, gives 
without their adjustment, less satisfaction to its possessor thar 
a good lever movement; in this, nevertheless, the frictions an 
far more numerous, and it does not require, in the sam. 
^^ee, these two accessories in order to give results that are 
after all, more than sufficient for ordinary pui'poses. 

prefemrto thTdpwr’^*^® escapement is usualb 

preterred to the detached escapement; the reason for this T,n" 
subsequently appear. ““ 
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13 « — In conclusion, then, before asserting the excellence of 
any one form of escapement, or its superiority over any other, 
it is important first to clearly explain the use to be made of it. 

GENERAL PRINCIPLES 

Deduced from the liaws of mechanics and from 

Observation. 

1 . 3 . — Iti order to judge of the merits of an escapement, 
whether old or novel, to foretell its good and bad qualities, to 
improve it or alter it by suitable modifications, and not at the 
same time to fall into old and disused forms, it is necessary to 
bring to bear on the study of the subject not only a rich 
store of observation derived from a systematic examination of 
old designs, and a long and sustained handicraft, but also a 
thorough knowledge of the general physical and mechanical 
conditions which are involved. Those who desire to grasp the 
question cannot afford to be ignorant of these points, still less 
those who hope to design something which, if not good, is at 
any rate novel. This ignorance is nevertheless sadly common 
amongst the inventing class. 

A theoretical principle is a reliable guide, but, to apply it 
intelligently, experimental data are essential. The mathe- 
matical formula, in its unyielding strictness and its absolute 
precision, shows us the goal to be aimed at ; but the practical 
man must choose for himself the route by which to reach it, for 
he alone is able to understand the difficulties involved, detecting 
the obstacles which either the nature of the material operated 
upon or the lack of mechanical method throws in his way. 

We proceed to epitomise and to briefly develope the 
general principles which should guide a maker or inventor in 
designing an escapement. Our readers, w’hom we assume to 
be familiar with the practice of watchmaking, will see, after a 
careful perusal, how easy it is to apply these principles with 
advantage to the consideration of escapements now in use, and 
which will be described subsequently. 

EJliEKlBIVTS OF APPE.1ED MECHANICS 
For the use of IVatchmakers. 

14 . — Not unfrequently at the present day one meets with 
mechanicians, even among the simple artisans, who possess a 
•certain amount of theoretical knowledge, and know how to 
render it serviceable. Watchmakers, with but few exceptions, 
are very far from being favourably placed as regards pro- 
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fessional instruction, and this 

the causes which have contributed to bring about the present 
depressed state of Horology, taken as a whole. 

^ The aim of the following work, which only requires a hUh 

attention and natural intelligence, accessible to 
its proper understanding, is to remedy this 
things, V enabling each watchmaker, by himself, to acquire a 
clear notion of the laws of Mechanics, and to bo able, through 
knowing the causes, to rectify many faults which pass current 
among the so-called enlightened public. Ho will derive this 
double advantage; he will rise in the estimation of liis 
customers, and will be helped in his daily work in a manner 
he could not have suspected. 

But does this imply that the following epitome preten^ to 
be a treatise on Mechanics? No. Its intention is less ambitious, 
for it is written expressly for one particular class of readers. To 
take the practical man in hand, to lead him from facts which 
require but simple argument to those of a class somewhat more 
advanced ; to instil into him healthy ideas, by impre..,ing him, 
so to speak, with a desire for knowledge and a conviction of its 
use, at the same time smoothing down the early difficulties 
which lead to it : this is our aim, this our ambition. 


Forces. 

Of two kinds.— Mechanical Effect. — Power.— Eesistance. 

15. — Every cause which produces, modifies, or stops the 
motion of a body, is a force. It is either a power or a resistance. 

Forces have two characters: the one active, the other passive. 

They can produce a motion or else stop one already in 
existence, by acting in a direction opposite to it ; this is the 
characteristic of active forces ; such, for example, as the action 
of a weight, the effect of a coiled spring, the fall of a liquid, etc. 

passive forces can wholly or partially destroy motion, but 
are unable to produce it; such are friction, stiffness of cords, etc. 

16. — It follows from these definitions that certain forces 
are active or passive, according to circumstances; thus we 
shall see that inertia which, in a moving body, is an active 
force, becomes passive when the body has been brought to a 
state of rest. The same is the case with the air, which may 
behave either as a power or a resistance. 

Although the nature of force is unknown to us, we can 
easily detect it by its effects. 
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The value of a force, whatever it be, may be represented ‘ 
by the number of units of weight, for example the pound and 
ite derivatives, by which it can be counterbalanced. 

17. — Every means whereby motion is communicated to a 
body is called a motive force, or simply a motor. Any body 
moved by such a motor is called a mobile. 

Quantity of Work or Mechanical Eflect. 

18. — The qtiantitij of icork obtained from a machine, that 
is, the meftd effect, or otherwise the mechanical effect, is equal to 
the sum of the powers diminished by the sum of the resistances. 

Power. 

19. — Generally, every force causing motion is called a 
•power, and every force, active or passive, opposing that motion, 
is called a resistance. 

Powers, in Horology, are generally of two kinds; weights, 
which act in virtue of gravity or terrestrial attraction, and 
springs, whose action depends uj^on the physical laws of 
elasticity. 

Eesistance. — Different kinds in Horology. 

20. — ^As we have already seen, every cause which opposes 
the motion of a body is a resistance. 

The kinds of resistance which affect the body when at rest 
are adhesion, inertia, pressure, viscosity of oil; and when in 
moiioxi, friction, the air, and, in general, every influence acting 
on the moving body in a direction conti’ary to its motion. 

The detrimental effect of adhesion will be pointed out sub- 
sequently (35); inertia also will be considered in a separate 
article (29). 

21. — The resistance of the air is proportional to the surface 
of air displaced. A change in its density, therefore, causes the 
value of this resistance to vary. 

Although changes in the density of air may be neglected 
when considering slowly moving bodies, such is not the case 
with those that move rapidly. But since it is usual in 
Horology to give to moving parts forms wliich displace but a 
trifling quantity of air, its influence is reduced to a minimum, 
and, until the reverse is shown to be the case, may be treated 
as inappreciable in ordinary horological appliances. 

22. — Friction and pressure are, in machines, the most 
detrimental forms of resistance. The first diminishes according 
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as the surfaces are more and more smooth, and, conversely, 
increases as they become more rough. 

— If an oily substance be interposed between the 
rubbing surfaces, an amount of motive power, equivalent to the 
excess of resistance before its application, is set free. This 
statement is strictly true for Mechanics in general where both 
forces and pressures are more or less considerable ; but the law 
appears, from numerous experiments, to be at fault as soon as 
we attempt to apply it to the very slight pressures and excessive 
velocities met with in Horology ; and this is especially so at 
the last wheels in the train in watches. 

In such cases, the stickiness of the oil causes irregular 
effects of adhesion which have a certain energy as compared 
with the slight force which animates the mobiles. It is even 
capable, especially after the lapse of a sliort time, of jiroducing 
a resistance in excess of that between two perfectly polished 
rubbing surfaces. This may be demonstrated on very small 
new watches, freshly cleaned and jewelled with real rubies, and 
with hard pivots ; they will (pi’oviding the motive force is slight) 
move more briskly for some minutes with no oil on the escape, 
ment pivots, than when the oil has been tliere for some months. 

A magnetic needle moves more freely when the point on 
which it rotates is dry, than when oil is applied. 

In considering the action of delicate mechanism, tlien, we 
cannot afford to ignore the resistance caused by the oil. Wo 
shall presently give an approximate estimate of its amount (42). 

aflomentuni. 

34. — ^When a body strikes or pushes against an obstacle, 
the latter is influenced by an amount of foi’cc depending on the 
weight and velocity of the moving body. 

The power exerted is in fact equal to its mass multiplied by 
its velocity, and this product is known in Mechanics as momen t um. 

Momentum is thus the power possessed by a body in virtue 
of its motion, which enables it to neutralize, divert, or overcome 
any force opposed to it. 

mflTerenee between the Force exercised by a Body when at 
Rest and when in Motion. 

25. — The influence, whether as a power or, a resistance, 
exercised by a body in a statical condition, that is when at rest 
is expressed by its weight in pounds or any other units. 
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The force which this same body would exert in a dynamical 
state, that is when in motion, is equal to its mass, which is propor- 
tional to the same units, multiplied by its velocity, or in other 
words, by the space traversed in a definite unit of time. 
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Fig. 1. 

Let «, Fig. 1, be a metallic sphere weighing 2 pounds ; it 
tends to move the body c with a tractive force equal to 2 pounds 
(neglecting the friction of the pulley). 

Now let the same sphere be set in motion by an impulse 
lasting ten seconds, which, during the first second, causes it to 
traverse a space of one foot. The force exercised by the body, 
or, in other words, the momentum, may at the end of the first 
second be approximately represented by its weight ; but assum- 
ing that during the last second, the space traversed be 12 feet, 
tlie sphere s' will strike against c with a force represented by 
its weight multiplied by its velocity, or 24 pounds. 

IVhat is Gained iu Power is liost in Velocity, and 

Conversely. 

26 . - Since the energy of a body in motion is equal to its 
mass multiplied by its velocity, the mechanical effect will 
obviously remain the same, if we diminish one element in tho 
expression, at tho same time increasing the other in a corre- 
sponding proiiortion. 

If the s})]iero (s') Fig. 1, instead of weighing 2 pounds 
weighs 4 pounds and strikes the body c at the instant at 
which it attains the velocity of 6 feet per second, the energy 
displayed is equal to the weight 4 multiplied by the velocity 
C, or 24 pounds, identical with the preceding result. 

The weight has been doubled, but the velocity has been 
reduced one-half, for at tho moment of contact it moved during 
the same interval of time with only half the velocity of the 
former case. 

27. — In considering a mechanical operation, the time 
occupied in its completion may be neglected : the above prin- 
ciples remain equally true, but the term velocity must be taken 
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to mean simply space to the^fi vtag'tCTms : 

^ ‘^„Tir;rl" >«> ie space ^ssM: 

miles. H each weighs 10 pounds, there wUl be a total wei„hl 

of 1,000 pounds. _ 

If the removal is acomplished all at once by a convey- 
ance, the mechanical work will be expressed by the weight, 
1,000 pounds, multiplied by 2 miles, the distance traversed, or 


by the figure 2,000. • o i, 

If the work be done by a single man, carrying 2 shots 
at a time, the mechanical effect will be measured by the weight 
of the two shots, 20 pounds, multiplied by the space traversed 
in the 50 journeys, or 100 miles, that is, by the same number 
2 , 000 . 

The useful effect or total resulting work is equal in the two 
cases; but in the first an extra expenditure of force dimin- 
ished the space to be traversed, while in the second, where 
the force employed was fifty times less, it became necessary 
to devote fifty times more “velocity” to the operation; in 
other words to traverse a space fifty times as great. 


Time Necessary in order that a Body set in Motion may 
attain a Maximum Velocity. 

— As the energy developed by a body in motion is a 
product of the mass into the velocity, it is evident that the 
greatest effect is obtained when this velocity is at a maximum. 

A body caused to move by an instantaneous force, such 
for instance as an ignited gas, at once attains its maximum 
velocity. 

Such, however, is not the case if it is set in motion and 
retained in motion by a constantly acting influence, as for 
example, the force transmitted by a train of wheels to an 
escape-wheel. This wheel never attains instantaneously its 
greatest rapidity, the maximum only being reached after an 
interval more or less prolonged. 

But the balance of a watch is, at the instant when the 
escape-wheel begins to influence it, moving with a pre- 
viously acquired velocity; in order, then, that an impulse 
may be communicated to it, it is of the first importance that 
the contact between the wheel and the pallet of the balance 
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should continue until the velocity of the former exceeds, by a 
certain definite amount, that already possessed by the balance ; 
that is to say, until the initial velocity of the balance has been 
increased in a ratio corresponding to the motive force employed 
and tlie extent of oscillation required. 

Figures will render this truth more evident. 

Assume 2 dwts. to be the weight which would neutralise 
the tangential force exercised by an escape-wheel at its cii-cum- 
ference, after an angular displacement of five degrees of the 
lift has taken place in ^ second. It will not then have 

attained its maximum velocity, and the force acting on the 
wheel may be expressed by the product of the weight 2 
multiplied by a velocity 1, that is 2. 

As the lifting action continues, the velocity of the escape- 
wheel will increase; and, assuming that it occupies half 
the time in traversing the next five degrees, the power 
generated is now equal to the weight 2 multiplied by the 
velocity 2, or to 4 ; that is, the force exercised by the wheel, 
acting as a lever, is doubled. 

The calculation of the different effects constituting a lift is 
very complicated. The above figures must, of com*se, not 
be taken to bo accurate, as they are only given in order to 
illustrate a mechanical law. 

This subject has been specially dwelt upon because the 
neglect or ignorance of the fact that time is necessary in order 
that a body, set in motion by a continuous action, may attain a 
certain maximum velocity, has caused both authors and practical 
men to give expression to very erroneous ideas, especially with 
regard to the lift of the escapements and certain characteristics 
of such timepieces as only require winding up at long intervals. 

Inertia. 

Definition. 

29. — The meaning of scientific terms is often in part lost 
when they are employed by practical men. Thus the word 
inertia is, with them, synonymous with equilibrium ; a balance 
of a watch, a wheel, or a pair of pallets, is in a state of inertia, 
according to the erroneous language of the workshop, when 
that balance, etc., is equilibrated on its horizontal axis in all the 
positions we can cause it to assume. 

Such an employment of the term is unfortunate. 

Inertia is that inherent property of matter, that tendency 
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in virtue of which every body continues in the state in which it 
already exists, at rest if it is at rest, and in motion if it is in 
motion. It is exemplified in the excessive resistance offered by 
a body to being suddenly set in motion, or brought suddenly to 
rest when in motion. 

A horse, harnessed to a heavy waggon, strains violently and 
makes great efforts in order to set it in motion, but draws it along 
with ease when this is once accomplished. On the contrary, 
when the waggon has attained a considerable velocity, the horse 
cannot stop suddenly without receiving a violent push forwards. 

These two effects are due to the inertia of the mass of the 
waggon. 

FuDction of Inertia in the Action of Escapements.— Heavy Wheels. 

30. — Every wheel, however light it be, must have some 
appreciable weight ; it is, therefore, subject to the law of 
inertia. Hence it results that when we wish to set it in motion 
round its axis, it cannot commence moving instantaneously; 
there is a period of transition from rest to motion, which, 
although not always perceptible, is none the less real, and the 
wheel only attains its maximum velocity after a certain arc has 
been traversed by any point on its circumference. 

As the effects of inertia thus increase with the weight of 
the body and its velocity, it is very important to note their 
influence on escapements, especially during the lifting action ; 
the wheel then travels during a very short space of time with a 
considerable velocity. 

The following example of the influence of inertia has 
actually occurred in practice : 

In a detent escapement with an escape-wheel fully heavy, 
the motion of the balance was sluggish, and the oscillation was 
of but moderate extent. The woi'kman engaged on it cut away 
part of the interior of the wheel and reduced its arms ; in short, 
materially diminished its weight, and, by this simple change^ 
very appreciably increased the extent of oscillation of the balance. 

It is hardly necessary to explain that the heavy wheel, 
offering an excessive resistance to motion, supplemented the 
resistance caused by friction and oil ; as the wheel was longer 
in commencing its motion, and turned more sluggishly, it did 
not come in contact with the impulse pallet until after the latter 
had traversed a considerable portion of its angular path. The 
final result was a noise, and but slight impulse. 
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The wheel, after being reduced, commenced its motion 
sooner, and, almost immediately coming in contact with the 
pallet, accelerated its motion to the requisite extent. 

Errors with regard to Light Wheels. 

31. — From observations analogous to that above described. 
It is generally assumed, and set down as a mechanical truth, 
that in every escapement the wheel should be as light as 
possible. A question which has not received sufficient atten- 
tion has thus been decided in a very absolute manner, and the 
solution of a particular problem has been made binding on all 
the escapements used in Horology. 

Would a wheel entirely wanting in inertia be a valuable 
acquisition ? There seems great reason for supposing that 
it would not. But, although such a case could not occur, since 
the metals emplo 3 ’ed always have an appreciable weight, it is 
none the less useful to point out that the velocity of rotation 
to be communicated to a wheel depends on the manner in 
which it influences the pallet of the balance, and on tlie amount 
of energy it is required to give out \vhile actually impelling the 
balance. The following observation of a clever watchmaker, 
M. Monvel, will do more to explain the subject than a con- 
siderable amount of argument, and will also illustrate the 
converse of the case above cited : 

A chronometer escapement worked well although the 
wheel was somewhat hea^y, but when this was rendered much 
lighter, it caused the escapement to catch. The excessive light- 
ness of the wheel was evidentl)' the cause of this fault, as it 
changed position more rapidly than the balance ; that is to saj', 
instead of coming in contact with the face of the pallet when it 
had had time to come to a suitable position, the wheel com- 
menced moving with considerable rapidity and struck the angu- 
lar extremity of this pallet, producing a butting action. Every 
watchmaker is aware that a slight displacement of the impulse 
pallet is all that is required in order to avoid such a stoppage, 
and that the above case is only quoted as an example of the 
influence of inertia. 

33. — Experiment, and a consideration of the nature of the 
metals employed in practice, show without doubt that, in those 
watches in which the vibrations are rapid, it is necessary to 
make the escape-wheel fis light as possible, but care must be 
taken not to unduly diminish its solidity. 
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The word solidity does not here merely imply that the 
wheel must resist certain causes of breakage or distortion ; an 
escape-wheel must be absolutely throughout, and this firm- 
ness can only be secured by care in the choice of tho metal 
employed, and of the form given to the wheel. Thus, an arm 
of a wheel of rectangular section is less rigid when placed 
edgeways than when its broader face is parallel to the plane 
of the wheel. 

With regard to such horological appliances as are regulated 
by a pendulum or a heavy annular balance, it remains for 
experiment to ascertain whether a certain slight amount of 
resistance due to inertia in the wheel is not necessary, since 
this wheel must move with a velocity determined (1) by the 
greater or less inertia of a train of wheels of a definite weight 
which abandons its state of rest or recoil ; and (2) by the 
velocity acquired by the arm on which the wheel acts, an arm 
whose motion is slow in comparison with the velocities met with 
in watch movements. 

33. — Inertia is proportional to the masses of bodies when 
their velocities are equal, and to the squares of their velocities 
when their masses are equal. 

Separation of Workiuj; Parts when in Contact.— Adhesion 

Pfl'ecls. 

34. — ^Working parts in contact with each other should 
separate by sliding action, and not by a sudden drawing asunder 
in a direction perpendicular to their touching surfaces, as such 
an action would involve the inconvenience of variable resist- 
ances, depending on the greater or less adhesion or cohesion of 
these surfaces. 

35. — The phenomenon of dry adhesion is well known to 
anyone who has brought two perfectly dry surfaces in contact, 
which had been surfaced against each other. The explanation 
of this physical fact will be ^ven in the article on Capil- 
larity (90). 

Rolling friction (which is in reality of the nature of 
pressure), such for example as that of a pivot rotating between 
two friction wheels, or of a lantern pinion when the pins are 
movable, or of a pair of helicoidal toothed wheels, etc., ulti- 
mately resolves itself into an adhesive action, especially notice- 
able in the case of small mechanism. The presence of oil 
increases the intensity of this effect. 
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At the pallets of an escapement this inconvenience can only 
be avoided by developing two surfaces, of somewhat unequal 
extent from eacli other, thus producing a slight sliding friction 
in place of the friction of rolling. 

Blows often repeated on a point ultimately occasion 
variableness in the adhesion effects, especially when the object 
struck is rigid. This remark is directly applicable to the case 
of the bankings in the lever and detent escapements; or of 
balance-springs where one coil oscillates between two curb 
pins, etc. 

When a moderate sliding friction does not suffice to 
neutralise the effect, it may be further decreased by making the 
stop slightly elastic. 

The amount of adhesion between clean surfaces is difficult 
to determine, and it is therefore impossible to give exact 
information with regard to it. 

36. — In the case of oiled surfaces, the resistance due to 
adhesion is proportional to the extent of the surfaces in contact. 

Eiaws of Pressure and Friction. 

37. — A body presses on the surface by which it is supported 
with a force equal to its weight. Hence if the weight be 
doubled, the pressure is double, and vice versa. 

Pressure is therefore proportional to the force producing 
it; in other words, to the weight which would balance it. 

38. — Friction between surfaces is in proportion to the 
pressure. Thus a body sliding along a surface will encounter 
twice as much resistance to its motion when its mass (or weight) 
is doubled, and the converse is also true. 

The energy of friction varies then directly with the 
pressure. 

A badly shaped edge in the cylinder of an escapement, or 
a particular form given to the inclined planes of the teeth of 
the escape-wheel, causes the lift to take place under variable 
pressures, and, as the friction is greatest at those points which 
are subjected to the greatest pressures, it is at them that the 
wear is most considerable. 

Unequal pressures occur in the case of epicycloidal-formed 
teeth, and thus the surfaces of contact wear each other away 
unevenly ; the initial conditions of the depth are therefore in 
time entirely changed. 
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39. — The intensity of friction is independent of velocity, 
provided an oily substance be interposed. This law has been 
proved to be true in the case of heavy machinery, and Moinot 
has experimentally shown its applicability to horological science. 

Until the reverse is demonstrated to be true, we are there- 
fore justified in admitting that friction can be neither increased 
nor diminished by varying the velocity of a moving body. 

40. — The pressure remaining the same, the resistance of 
friction is independent of the extent of the rubbing surfaces. 
If, for example, the extent be tripled, it follows that three times 
the number of molecular elements rub against each other ; but 
as each individual friction is only a third part of what it was 
previously, the general effect is the same. 

The above is simply the statement of an experimental lawj 
its consideration will be reserved for the following articles. 

The extent of surface in contact should vary with the nature of the material. 

4t. — The last law shows that there is no advantage to bo 
gained by diminishing the extent of the surfaces of contact in 
depths, in impulse, and even locking faces of escapements, as 
is too often done under the impression that friction is thereby 
reduced. Since the same blow or pressure is withstood by a 
smaller number of elements it will act with a greater force on 
them, and will distort the surfaces more rapidly ; the accuracy 
of their forms will thus be destroyed in a less time. 

Touching surfaces should be of such dimensions as to 
ensure their integrity, and it may be assumed that these 
dimensions depend on the nature of the body and the presence 
or absence of oil. 

A brass wheel, when working dry against steel, should 
have a larger surface of contact than when opposed to diamond, 
which is much harder and better polished than steel. This 
observation is equally applicable to pivot holes, which, for equal 
diameters, may be shorter with real rubies than with brass. 

But a distinction must be drawn between dry friction, such 
as that occurring at the points of contact of a wheel with a 
pinion, and the friction between surfaces coated with a gi-easy 
substance. It has been seen that surfaces of the latter class 
^e separated with greater difficulty according as their extent 
increases. 

Law* of Friction a* applied to the Moving: ParU of Horological Appliances. 

43. It has been mentioned in the article on resistance (33) 
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that oil, when employed in horological appliances, so modifies the 
character of the friction at the end of the train, where the 
motive force is slight and the velocity great, that the general 
law is not strictly applicable, although losing none of its exact- 
ness, This statement requires some explanation. 

Resistance to sliding is in reality composed of two kinds of 
resistance ; friction, properly so called, and adhesion. Friction 
is proportional to pressure, and independent of the extent of 
the surfaces ; but the adhesion between greased bodies depends 
on the extent of the surfaces in contact. 

With heavy machinery, great pressures, and, consequently, 
considerable forces arc brought into play ; and since the hard- 
ness and degree of polish of the surfaces cannot be increased in 
proportion to the weight, the extent to which bodies qxq forced 
into one another increases. A greasy substance, when interposed^ 
behaves like an infinite number of microscopic rollers ; thus the 
friction between clean surfaces is so enormous in comparison 
with the adhesion of oiled surfaces, that the adhesion effect is 
completely masked by the friction, and a greasy substance 
interposed, far from causing a lo^s of power, facilitates the 
sliding action. In such cases, daily experience proves the truth 
of the law that the resistance of friction is proportional to 
pressure. 

But the case is not the same with the delicate mechanism 
of escapements, where the force employed is slight, and the 
velocity very great. The resistance to movement is doubtless, 
as in the former case, the combined effect of friction and 
adhesion ; but there is an important difference due to the fact 
of the pressures being slight and the surfaces hard and liighly 
polished. The friction has but an insignificant value, while the 
adhesion, occurring as it does between bodies perfectly polished 
and influenced by very minute forces, is supplemented by the 
viscosity of oil and resistances duo to capillarity; these facts 
bring about the converse of what occurs in heavy machinery, 
and the effect of adhesion completely overpowers the effect of 
friction, properly so called. We thus conclude that, in this 
case, the measurement of the adhesion is the nearest attainable 
approximation to the resistance which opposes motion. 

But since the resistance caused by adhesion is in proportion 
to the extent of the surfaces in contact, we can draw an a priori 
conclusion, confirmed by a large number of practical observa- 
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tions, but nevertheless not professing to be as exact even as a 
law partially confirmed by experiment, that : 

48 . — ^At ^^extrerw mofjing parts or escapements of watches, 
where the use of oil is essential, the resistance of friction may 
be taken to be approximately proportional to the extent of the 
rubbing surfaces, and to the diameters of the pivots ( 183 ). 

In the intermediate moving parts or train of wheels, which 
more nearly conform to the conditions of heavy machinery, this 
resistance depends (in varying proportions) on the extent of the 
surfaces in contact and the pressure. 

And, finally, the prime movers, or barrel, very nearly 
conform to the law enunciated in paragraph 40 . 

As bearing on the above it has been observed, amongst 
other facts, that the pivots of a fusee, although of unequal 
diameters, wear the pivot holes sensibly to the same extent; 
this result is attributable to the equality of the resistances on 
the two pivots. 

Observations on the Laws of Friction. 

44 * — The data above given are sufficiently exact for horo- 
logical purposes; for, on points on which it is impossible, at 
least for the present, to establish an absolute and unvarying 
law, owing to the fact that inappreciable differences in the 
material and method of working it influence the action of the 
finished mechanism, a rule giving approximately the values of 
resistances is a desirable acquisition. Such a guide keeps the 
mind constantly on the alert, and helps to make it bear fruit. 

We will conclude this article by a brief enumeration of 
experiments recently made on the railways by certain engineers, 
in particular, M. Bochet. They confirm the accuracy of the 
laws of friction, deduced from the results of Coulomb and 
General Morin, only with regard to velocities under 4 metres 
(13 feet)^cr second. Beyond this point, and for velocities up 
to 25 metres (80 feet) per second, M. Bochet finds that sliding 
friction diminishes as the velocity increases according to a 
law which he gives. 

Logically, it seems that friction ought to vary when a 
particular velocity is attained, for on becoming considerable, it 
evidently modifies the action between the surfaces. Thus when 
a soft iron disc rotates slowly, it is reduced by a file without 
damage to the latter; but if its velocity be very great, the file 
itself is attacked. 
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If additional experiments prove the truth of M. Bochet’s 
theory, we shall be led to the following curious conclusion : 
that what has formerly been accepted as a true principle in 
Horology was directly opposed to the actual fact. 

Percussion.— Impact* 

45. — The word Percussion means simply the action by 
which a body is struck. 

The centre of percussion of the striking body is the point 
in its mass where it acts with the greatest force. 

In a bar of iron falling horizontally, the centre of per- 
cussion is in the middle of the bar ; but if it be wielded in the 
hand, this point is at a distance of about two-thirds of the length 
of the bar from the hand. 

In a hammer the centre of percussion corresponds very 
approximately with the centre of gravity of the head. 

In a compound pendulum it is usually situated slightly 
above the middle of the bob. 

In the common annular balance it may, provided the 
circumference is sufficiently heavy, be on the inside face of the 
rim. It is brought towards the axis of rotation by diminishing 
the weight of the rim in comparison with that of the arms. 

When fitted with heavy screws, or other masses of metal 
projecting outwards, the centre of percussion may be found to 
be outside this rim. 

46. — ^An impact (or drop) should in all cases be as slight 
as possible, as both theory and experience show this to be 
a source of wear and irregularity ; and, as bearing on this 
subject, it is important to remember that physical law which 
asserts that every action excites a reaction of equal intensity. 
This reaction shows itself in the form of jerks, strains, etc., which 
have none the less influence on the condition and stability of 
the moving parts from the fact that they are invisible to 
the eye. 

Besides causing a molecular alteration at the points struck, 
they occasion a loss of force, that is a diminution in the amount 
of useful work done. In an escapement in wliich the lead only 
occurs during one-fifth of the lifting angle, and a drop during 
the remaming four-fifths, less oscillation of the bdance is 
produced than if the lift took place entirely without drop, and 
with a progressively increasing action normal to the pallet. In 
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the latter case force is rendered available, which in the former 
is lost in elasticity, stronger pressure, shaking of pivots in their 
holes, increased resistance due to the inertia of balance and 
its spring (which resist a sudden acceleration of movement), 
and finally in conversion into heat owing to the percussion or 
sudden vibration of the molecules. 

Tolunie and mass;— Density. 

47. — The volume of a body is the amount of space which 
it occupies ; its mass is the quantity of matter it contains, that 
is, the number of heavy molecules composing it. 

A piece of india-rubber much extended possesses a certain 
volume and a certain mass ; if forcibly compressed, its volume 
is considerably diminished, it occupies less space, but its mass 
remains the same, for it always contains the same number of 
heavy molecules. 

The density of a body is the weight of a particular volume 
of that body. A cubic centimetre of distilled water weighs 
one gramme; a cubic centimetre of cast lead weighs 11 '4 
grammes. The density of lead is therefore about eleven times 
that of water. 

The unit of weight employed in measuring the density of 
bodies is, on the metrical system of weights and measures, a 
cubic centimetre of distilled water at its maximum density, 
that is at 4® C. (39'2® F.) This weight is the gramme, the 
unit of weight on that system. [In England the standard or 
unit of weight is the avoirdupois pound, and the standard 
gallon of distilled water at 62° F. (16'6° C.) weighs ten of 
such pounds, occupying a space of 277-123 cubic inches.— T r.] 

Gravity.— DilTercnce between Klass and Weight. 

48. — Gravity, heaviness, or terrestrial attraction (120) is 
the tendency inherent in all bodies to fall towards the centre of 
the earth. The force required to prevent a body’s fall is equal 
to its weight. The centre of gravity of a body is a point in its 
mass such that, if suspended therefrom, the body will remain 
in eqmlibrium, and the pressure it exerts on this point will be 
a maximum. The centre of gravity and the centre of per- 
cussion are sometimes identical and sometimes far apart from 
each other. In a body falling freely they are coincident ; in a 
body rotating on an axis, such for example as the balance of 
a watch, the energy of percussion is in the rim, whereas the 
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centre of gravity is at the centre of figure. We shall be under 
the necessity of reverting to this subject, chiefly when we 
come to consider the pendulum and the annular balance. 

49 . — The words mass and weight are too often assumed to 
bo synonymous ; it is, therefore, of the highest importance to 
cai’cfully explain their true scientific significance. 

Mass, as already explained, is the quantity of matter, or 
rather, of molecules, which constitutes the materiality of a 
body. But, since heaviness is a force impelling each of these 
molecules equally to fall towards the centre of the earth, it is 
■evident that weight is simply the resultant of all the impulses 
exerted by gravity on the several molecular elements. Weight 
is necessarily proportional to the number of molecules ; we may 
then, when considering two bodies in the same locality, employ 
the words indifferently as terms of comparison. 

We say purposely “ in the same locality,” for it is well 
known that the force of gravity diminishes as we recede from 
the centre of the earth, and a body weighed by a spring 
balance at the level of the sea causes a greater distension of the 
spring than if the weighing takes place at the summit of a lofty 
mountain. 

This example shows at once the distinction which must be 
drawn between 'mass and weight ; for wo see that the mass has 
remained constant, as must be the case, since the number of 
molecules has not varied, while the weight has become less. 
This variation, moreover, must occur, since the force of 
attraction diminishes as wo ascend above the sea level. 

50 . — The mass of a body will be known as soon as the 
intensity of the force of gravity has been ascertained ; and 
since all bodies fall in a vacuum with the same velocity, the 
determination of this velocity will give us a measure of the 
force of gravity. 

If the weight of a body be known in kilogrammes, its mass 
may bo found by dividing this weight by 9’81, the velocity in 
metres which a body acquires after falling in a vacuum during 
one second of time. [On the English system the mass would 
be found by dividing the weight in pounds by 32 *2, the 
equivalent in feet of the above number of metres. — T r.] 

51 . — Errors will be avoided by observing that, in order to 
facilitate calculations, we may indifferently employ either 
masses or weights according to circumstances, since they are 



22 


ESCAPiaiEKTS. 


always proportional. The mass or the weight of a body may 
aLo occasionally betaken as a measure of its power; a measure- 
which, in such a case, is only relative and useful for purposes 
of comparison. ' It only gives an absolute measure of its value 
when this power could, at the instant under consideration, be 
exactly balanced by this mass or weight. 

This is the sense in which the figures employed in articles 
24 to 29 are to be regarded. These figures are not as mathe- 
matically accurate as the matter in question demands ; for in 
practice some of the propositions, given there in very simple 
forms, become complex, and for their accurate solution involve 
abstruse problems connected -with vis viva, etc. To fully 
consider them, we should be compelled to introduce arguments 
too much advanced for the majority of young watchmakers, and 
therefore useless. The object in view before all else is to instil 
into their minds a notion of the nature of mechanical forces. 

Ccntrifagal Force. 

53. — Centrifugal forceis that cause which tends to withdraw 
a rotating body from the centre round which it revolves, and to- 
disconnect the several parts of a body itself. Should the cords, 
or whatever retains it in its path break or be deficient in 
power, the body flies off in the direction of a tangent to the 
circle which it was describing (73). This is the case with a 
stone projected from a sling ; with a drop of oil placed on the 
tooth of an escape-wheel, when the train is allowed to run 
down, etc. 

The study of the effects of centrifugal force will form an 
important part of the portion of the work which treats of 
balances. 

The I<ever. 

63. ^As usually understood, a lever is an inflexible rod, 
serving to lift or carry any given mass, or to change the 
direction in which it is moved. 

Let E (fig. 2} be the mass which it is required to lift. It is 
well known from experience that if the extremity of a bar e p 
be introduced below e, and a solid fulcrum be placed at a, the 
mass E will be lifted with ease, whatever its weight may be 
either by suspending a weight at p, or by a pressure of the 
hand at that point, provided that the length of the arm a p- 
IS very considerable in comparison with that of a e. 
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54. — This illustration shows that in every lever there are 
three points to be considered: (1) the point of support or fulcrum 
A ; (2) the point b at which the resistance acts or where the 
weight to be raised is placed ; and (3) the point of application 
of the power p, employed to overcome this resistance. 



Fig. 2. 

The lever may thus be divided into two parts, A P and 
A E, termed arms of the lever ^ which are distinguished by the 
purposes to which they arc applied, one being called the 
power arm or lever (a p), and the other the resistance arm or 
lever (a e). 

55, — When the two arms are equal, it is necessary to 
suspend equal weights h b, from their ends, in order that they 
may neutralise each other, for the power is then equal to the 
resistance. 

The best know example of this case is the common 
balance, where equal weights counteract each other. But if 
the arms are of unequal length, for example the one four times 
the other, a weight of one pound placed at the extremity of the 
longer arm will be sufficient to balance a weight of four pounds 
suspended from the extremity of the shorter. The power 
and the resistance are now equivalent, for each is ascertained 
by multipl 3 ring the weight by the length of its lever arm. 

An example of such a form is met with in the Roman steel- 
yard, and everyone has occasionally seen very bulky objects 
weighed by this means. A sack weighing several hundred- 
weight, for example, is suspended from the short arm of the 
lever and can be counterpoised by a one pound weight hung 
from a point on the longer arm which is ascertained by trial. 
The number of pounds in the weight of the sack is at once 
ascertained when we know the number of times the length of 
the shorter arm is contained in that of the longer, measuring 
from the points of application of the two forces. 

56. — These examples will be sufficient to demonstrate this 
principle of Mechanics ; in every lever ^ wherever the fulcrum be 
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situatedy the power is to the resistance in the inverse ratio of the 
lengths of their arms, or, in other words, if one arm is one- 
half, one-quarter, etc., of the other, it will be necessary, in order 
to secure equilibrium, that the weight suspended from the 
extremity of the longer arm be one-half, one-fourth, etc., of 
that suspended from the shorter arm. 

67. — It should be observed that, in calculations with 
regard to levers, we must take the unequal weights of the arms 
into account, as well as notice that the position occupied by 
each of the three points, of support, of resistance, and of power, 
may vary; indeed, this variability of their positions is the basis 
on which levers are subdivided into three classes. But the first 
of these observations is not applicable to the case of escape- 
wheels,' as they are assumed to be balanced on their axes ; and 
since the second does not in any way modify the principle 
above laid down, we can conveniently defer the further con- 
sideration of the subject of Levers to the Introduction to the 
study of depths. 


Application. 

58. — An escape-whccl is a lever in equilibrium on its 
fulcrum. The leaf of the pinion rivetted to this •wheel is the 
arm to which pressure is transmitted from the source of power, 
and the radius of the wheel is an arm transmitting that impulse 
to the escapement, a lever of impulse generally known as the 
pallets, being interposed. 

In relation to the balance, the radius of the wheel is a 
power arm and the pallet on which the wheel acts is a resistance 
arm. 

The power exerted by the wheel is opposed by the 
resistance of the balance with its attached spring, and the two 
forces are in equilibrium when the power is to the resistance as 
the radius of the wheel b a (fig. 3} is to the length of the 
impulse pallet a c. 

If the arm h a were reduced in length by one-half, 
equilibrium could only be maintained by doubling the amount 
of resistance opposed to the wheel ; and conversely if the reverse 
were the case. 

59. — Relying on this principle, which, while in itself 
unvarying, receives a false interpretation at their hands, some 
watchmakers are continually assuming that reducing the 
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diameter of the wheel by, say, a half, will suffice to produce an 
increased vibration of the balance, since the force applied to it 
would thus be doubled. They are surprised when a trial shows 
the fallacy of their mistaken theory, a theory which forgets, 
among other points, that when a body passes from the statical 
condition or state of rest to the dynamical condition or state of 
motion, a new element, velocity, must be considered ; and that 
this velocity, when existing during a very short interval, such 
as that required for a single lift of the escapement, is sufficient 
to introduce sensible differences, especially in regard to the 
promptitude with which the motion commences. 



Fig. 3. 

60 . — Given any watch escapement, the mechanical effect 
produced by its wheel, remains theoretically the same, however 
we may vary the diameter of that wheel. 

Let d n (fig. 3) be the radius of the wheel, d h the arc 
described by d while an impulse is being communicated to tlic 
balance. Halve the diameter, and the radius becomes j n, and 
the arc described 5, is only one-half of d h. In the former case 
the force was one, and the space through wliich it acted two ; in 
the latter, the force was two and the space one. Mechanical 
effect is expressed by the product of force into velocity, and 
therefore the result is, theoretically, the same in the tw’o cases 
we have been considering (see 120 , 124 and tlic end of 51 ). 

But what is the exact meaning here of the expression, 
mechanical effect ? Simply this : that the work done by the 
wheel was the same in the two cases ; but it by no means follows 
from this that the resultant of this work was entirely available in 
both cases for producing the oscillation, or that its extent was 
the same in both. 

61 . — We have said “ theoretically ” above, for in no case can 
the entire force of the wheel bo communicated to the balance, 
as this would require all the working parts to be independent 
of the laws of friction and inertia, which is impossible. Almost 
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eveiy change in arrangement, size, form, etc., involves a 
variation in the intensity of these two resistances. 

62. — We must, then, first calculate the amount of the 
mechanical effect, and then apply a correction to it, on account of 
the resistance occasioned by friction and inertia, before coming 
to any conclusion with regard to it ; for, otherwise, all inferences 
of a theoretical nature will be falsified by practice. 

Tlie Inclined Plane. 

— The force required to cause a body to slide when 
placed on a horizontal surface, must bo equal to the resistance 
opposed by friction, since the action of gravity is neutralised 
by the support. 

^ The force requisite in order to cause a body to ascend an 
inclined plane increases with the inclination. In this case it is 
necessary to overcome both friction and that part of the action 
of gravity which draws the body towards the base of the plane. 

If the plane becomes vertical, the friction is reduced to zero; 
but it is necessary that the power neutralise the entire force of 
gravity, that is to say, the power must be equal to the weight of 
the body before it suffices even to balance it. 

The resistance offered by a body sliding or rolling down 
an inclined plane is, therefore, due to two principal causes : 
gravity and friction. 

A Body Eaised or Supported on an Inclined Plane. 

64. — -When the power is expended in raising the mass b 
up an inclined plane a h (fig. 4}, and acts parallel to the plane : 
the power is to the resistance as the height (b c) of the plane is 
to its length (a b). 

Assume the body e, weighing 1 pound, to be drawn in the 
direction a b while resting on an inclined plane 8 feet long, the 
height i c of which is 2 feet ; it will require a weight p, equal to 
one-fourth of a pound, to counteract the resistance of the weight 
E, and this will then remain at rest on the inclined plane. 

From this it immediately follows that, if the length b a 
remain constant, but the height 6 c be reduced one-half, the 
weight E can be maintained at rest by a force equal to one- 
eighth of a pound, and vice verscl. 

65. — The power may act horizontally, that is, in a direction 
parallel to the base of the plane ; in this case, the power is to the 
resistance as the height (g d) of the inclined planeistoits base (gf). 
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As an application of this we will quote a case of frequent 
occurrence in Horology. 

Take a movable inclined plane, that is, one which can be 
caused to travel backwards or forwards. 

Suppose that a force p tends to move it from g towards f 
(fig. 4), while an obstacle or resistance e, opposes its motion. 
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fiff. 4. 

Let bo 6 feet in length, and g d h& 2 feet high ; then if 
the power p be taken equal to 3 pounds weight, it will require a 
resistance of 9 pounds, in order that the plane may remain 
stationary, since p and R would then be in equilibrium. 

The Inclined Plane in Motion. 

66. — Wc have thus far considered the inclined plane, 
subjected to the combined action of a power and a resistance 
which neutralise each other, from a statical point of ^'iew. 

The equilibrium thus established between p and b is liable 
to be disturbed, in the case of an inclined plane capable of 
motion and of an obstacle also movable, by an addition of 
force, either to p, when it will advance, causing e to ascend, or 
to this resistance r itself, and then the plane will go backwards 
in consequence of the pressure of the body R. 

There is thus a change of condition from the statical to the 
dynamical. Let us now consider the action of the inclined plane 
when in motion. 

If the original height of the plane be reduced by one-half, 
the power when reduced in the same proportion will still suffice 
to move the opposing body through a space equal to half that 
which it traversed when the first plane was employed. 

Conversely, if the inclination of the first plane be doubled, 
the base remaining the same, it will require twice the force to 
drive the body through twice the distance. 

The gain in power, therefore, of the first case, is accom- 
panied by a reduction in the distance tovelled; and in the 
second, the gain in distance travelled involves an increased 
expen^ture of force. 
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The mechanical effect of the two inclined planes is the 
same. It appears, then, to be a matter of indifference which 
is employed in an escapement. This conclusion is quite true 
theoretically — that is, if we ignore the opposing forces of 
friction alid inertia ; but to arrive at a practical conclusion we 
must correct it for these two resistances. It is identical, in fact, 
with the case considered in paragraphs 60 , 61 , and 63 . 

Composition and Resolution of Forces. 

67 . — In a train, the motive power is transmitted in its 
entirety from the first to the last moving part. 

The force exerted by an escape-wheel at its circumference, 
represented by the weight which it can neutralise, is also 
transmitted undiminished through the several parts of the 
escapement in connection with it. 

Notlung is lost in nature, but all is continually being 
decomposed and recomposed ; and force — that influence whose 
effects we see without knowing its cause — is, like the entire 
imiverse, subject to this law. 

The action of a prime mover, as it is transmitted step by 
step through a train of wheels, divides itself into two parts : 
one overcomes the resistances opposing its action, and the other 
is that part of the force wdiich is free, and thci’efore available 
for producing any useful or desired effect. 

The less this decomposition or resolution of the force, the 
greater is the useful effect which it can produce. 

68. — The resistances to be overcome by an escape-wheel 
during the act of lifting are due to two principal causes: 
friction, which, as already shown, varies with pressure, and 
inertia, proportional to mass. 

To make this clear by an example, let the circumferential 
power of an escape-wheel be equivalent to 5 dwts. ; and let 
the friction and the resistance caused by inertia in the balance 
require a weight of 3 dwts. to neutralise them ; the power of 
the wheel is thus resolved, and the useful effect, as shown 
by the extent of oscillation of the balance, is equivalent to a 
weight of 2 dwts. 

Suppose, now, that, without changing at all the train of 
the watch, by a change in the arrangement of the balance, or 
by better forms or better workmanship, the resistance due to 
friction and inertia during the lift are reduced to 2 dwts., the 
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effective action of the wheel on the balance will be increased 
by one-half, and the amplitude of the oscillation will increase in 
consequence. 


Parallelo^m of Forcc3. 

69. — The power available when two forces act in direc- 
tions opposite to each other is equal to their difference. 

When a body is set in motion by two forces converging 
to a point, the following geometrical construction g^ves the 
intensity and direction of the force impelling it. 

The method is generally referred to as the graphic 
solution of the problem of the Composition of Forces. A 
complete explanation of the principles on which it is based 
would inAmlve considerations too advanced for an elementary 
work ; its simple enunciation, therefore, followed by an 
illustrative example, must suffice. 

Consider the two forces as being applied dm-ing the same 
interval of time, one second. 

Let one force of 10 pounds act on the body o, in the 
direction h a (fig. 5) ; and let the other force of 6 pounds, act on 
a in the direction c a. Divide a h into 10 equal parts, which wo 
will take for our units of length, and set off on a e, commencing 
at cf, six of these units. From the point h draw h d parallel to 
a Cy and through c draw c d parallel to a b; we have thus 
constructed the parallelogram abde. The line a b represents the 
direction of a force of 10 pounds, and a c that of a force of 6 
pounds. The diagonal d a oi the parallelogram represents the 
direction in which the body is impelled, and its length, measured 
in the units above referred to, shows: firstly, the number of 
pounds pressure to which a is subjected; and, secondly, the 
space that will have been traversed by the body in the time it 
would have required to traverse the path a b ov a c, under the 
influence of one or the other force alone. 

If instead of forces expressed in pounds, the velocities 
which they communicate to a had been given, the solution 
would have been identical. 

Let us now assume that the body a is moving in the direc- 
tion a ify in consequence of an initial impulse communicated to 
it, and that it meets with opposition to its motion acting in the 
two directions a x and a z; the parallelogram a a? y « will enable 
US to ascertain what portion of the initial impulse is employed 



so 


ESCAPEMENTS. 


in overcoming each of these resistances, providing that the line 
indicates both the direction and the intensify of the power 
acting on a. 

Application. 

70.— A body, set in motion by the extremity of a lever 
rotating on an axis, receives from this lever an impulse or 
pressure in a direction perpendicular to it. 

Lict fg (fig. 5) be a lever, or the radius of an escape-wheel 
in contact with a cylinder capable of rotating on its centre ; 
represent the force exerted by this lever, and the perpendicular 
direction in which it acts by g h. In this case the cylinder 
pivots are subjected to a direct pressure from the tooth of the 
wheel, and the pivots of this wheel are not strained. 



Fig. 5. 

Now transfer the point of contact to i. The friction on the 
cylinder will be increased, and the pivots of the escape-wheel 
will be subjected to pressure. What, under such circumstances, 
will bo the amount of the friction ? 

Neither the force exerted by the lever, nor the direction in 
which it acts, has been altered ; and they may be represented 
by the line ij equal to g h. Through y drawy n parallel to A*, 
and through the same point drawy 8 parallel to * », and we shall 
obtain the parallelogram n i sj, whose side i «, measured on the 
scale on which * J and g h were drawn, gives a measure of the 
increase of friction on the cylinder. The side i n shows the 
amount of the pressure exerted on the wheel pivots. 

A simple comparison of the two lines, g h and is, is sufficient 
to show that the friction on the cylinder increases rapidly as 
the point of contact approximates to the line h p, and that, as 
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the power is more and more resolved, a less amount remains 
available for performing useful work. 

71. — An intelligent reader will perceive without further 
explanation, that a graphical construction, analogous to that 
given above, will indicate at once the amount of the force 
exerted by a lever which acts against another lever ; such, for 
example, as the action of an escape-wheel tooth against the 
impulse pallet. But in this case the point at which the force is 
normal, that is, perpendicular to the arm receiving the impulse, 
is on the line which passes through the centres of movement 
of the two levers, corresponding to the line hp. 

The following article will make this question clearer ; it 
may, by some readers, be considered to be somewhat of a repe- 
tition, but we are very anxious to explain the question to prac- 
tical men. 

On Tangential Escapements* 

72. — straight line ab (fig. 6) drawn perpendicular to 
the extremity of the radius a c of a circle, is called in Geometry 
a tangent to that circle ; it can evidently only touch it in the 
one point a, however much it be extended in either direction. 

It appears necessary in the first place to give this definition 
because some authors, having a practical knowledge of Horology, 
but ignorant of Geometry, often confuse the tangent with the 
secantf another line, which, on being produced, cuts the circle, 
and, therefore, meets it in two points {p d). 

Tangential Impulie. 

73. — Theory indicates that an impulse can be most advan- 
tageously given to a body rotating on an axis by applying the 
force in a direction perpendicular to the arm of a lever which 
passes through the centre of rotation ; that is, along a tangent 
to the circle of which this lever is a radius. 

The impelling force under this condition is communicated, 
in its entirety, to the body, and the impulse which it receives 
is, therefore, the greatest that can be commimicated to it by the 
given motive force. 

Readers deficient in the necessary theoretical knowledge 
on the subject can easily demonstrate the truth of this fact by 
turning the handle of a wheel, a grindstone for example ; they 
will soon find that they command the greatest amount of 
power, either in pushing or pulling, with the least effort, wh«i 
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the force is applied at right angles to the 


arm b e ', and this arm 



Fi?. 6. 

is simply a radius of the circle described by the handle. 
Hence, at these points the power is applied in the direction 
of a tangent to the circle. 

TaD^ntial Best. 

74. — ^When the arm of any lever, such as Ar (fig. 6) 
presses against a circular body, which has an alternating 
motion of rotation round a centre k, the position involving the 
least amount of friction is, as we have already seen, that 
shown in the figure, namely, when the line drawn from the 
centre of movement of the lever to the point of contact is a 
tangent to the circle. For, whether the cylindrical body turn 
to the right or left, the lover acts in the same manner without 
straining its axis, and the nature of the friction is similnr in 
the two cases, being of the kind known as disengaging friction. 
The resistance opposed by the lever to the motion of the 
cylinder is simply such as is due to its direct pressure. 

If the lever be now made to rest at the point o instead 
of h, the state of the case is altered (? 0 ). This occasions an 
increased adhesion of the balance and escape-wheel pivots as 
they are strongly pressed against the sides of their pivot- 
holes. The friction thei’efore, being proportional to pressure, 
must be increased. An appreciable quantity of the force 
required to impel the balance is absorbed by this augment- 
ation of the resistance, and the amplitude of its oscillations 
must be proportionately decreased. 

75. — To sum up then, the further we displace from the 
tangential position the points of lift and rest, with so much 
the less ease will the moving parts travel, and the more rapid 
■will bo the destruction of surfaces in contact. And the in- 
evitable results must follow; harsh friction, a falling oft in 
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impelling force, and a necessity for employing a motive power 
greater than that which would have sufficed had the point of 
application been tangential, or nearly so. 

Danger of Purely Geometrical Solutions. 

76. — It has still to be shown, for each particular form of 
escapement, what positions the several parts should occupy in 
order to satisfy the above condition. This will be done in the 
course of the volume. Wo shall also show in what cases this 
requirement should be secondary to other and more important 
ones; for the recommendation of some authors that an escape- 
ment should always act tangentially must not be taken literall}', 
but, in common prudence, must be conditional. For the 
escapement to be tangential, when feasible, is, without doubt, 
good ; but this would not of necessity imply a superiority in 
the matter of timing. Thus, amongst many other examples, 
the duplex escapement may bo noted, which, notwithstanding 
the unsatisfactory nature of its rest, can be timed to a far 
greater nicety than the cylinder escapement ; for, in the duplex, 
the weight of the balance, its velocity, and the amplitude of 
the arcs it describes, etc., counteract the disadvantage of an 
iintangcntial rest. To be exact, then, the only general state- 
ment that can be made is that the more the points of contact in 
an escapement approximate to the tangential position, the less 
force is lost by friction, etc. 

77. — The watchmaker who would prefer one fomi of 
escapement to another, solely on account of its possessing 
geometrical advantages, would prove himself ignorant of the 
actual condition of his science, and lay the way to future 
difficulty and annoyance. An escapement, be it remembered, 
is a problem involving several nnhioicns, and to truly solve it they 
must all be determined. In Mechanics, as in all else, it is a very 
great mistake to regard a question from only one iioint of view. 

Mecliaulcal Complicntlon. 

78. — A complexity of action and a multiplication of 
moving parts is nearly alw’ays a fault, for it increases the 
liability to variation by rendering resistances, drops, contacts, 
adhesions, frictions, etc., more numerous. When we remember, 
moreover, that some points of contact are more liable to lose 
their shape than others, that the molecular state of rubbing 
surfaces varies according to tho pressures, temperatures^ etc., 
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to which they are subjected, that the fluidity of oil is 
continually changing, and that thick bodies are not so rapidly 
affected by heat as thin ones, we see that in complicating 
machines for the measurement of time, we are but multiplying 
the causes of variation, and that it will be difficult, if not im- 
possible, to estimate their relative intensities, and so find means of 
compensating for them. Indeed, an elegant and efficiont simplicity , 
will always, in escapements, as much as in general mechanism, 
be the true measure of genius and the acme of perfection. 


THEORETICAL AND PRACTICAL CONSIDERATIONS. 

CONCERNING 

The moderator and regulator. — The retention of oil at contacts. — The lead. — 
The lift; lifting arc, supplementary arc. — Length of the impulse and locking pallets. 
— On the nature of the several kinds of friction, useful friction, engaging and 
disengaging friction. 


Tlie moderator and Reisulator* 

yO. — In clocks where the escapement is connected with a 
pendulum, loaded with a heavy hob on which terrestrial gravity 
acts with a uniform force in virtue of the laws of gravitation, 
this pendulum is at once & moderator and a regulator; it is 
evident that the mode of suspension must be such as to secure 
to it the greatest possible freedom and continuance t)f motion, 
and that the train should only be called upon to rcstoi'o, at each 
oscillation, the slight amount of force that has been dissipated, 
and thus to interfere as little as possible with this gravitation 
action, the most uniform power accessible to us in nature. 

80. — But the case is entirely different with the annular 
balance of a watch. Gravity docs not in any way tend to 
maintain a regularity in its motion, and it thus became 
necessary to seek elsewhere for a regulating power ; such was 
found in the elasticity of the balance-spring. Hence it follows 
that the annular balance must rather be regarded as the 
moderator, and the balance-spring as the regulator, although 
both, in varying degrees, share in these two qualities. 

We refer to special articles, headed Annular Balance ; 
Balance-spring, for details concerning the regulating power, 
diameter and weight of balances, as well as for theoretical and 
practical considerations with regard to the balance-spring. Each 



OIL. — ATTBACTION. 


35 


of the subjects requires careful study, and the same may be 
said of the Pendulum (see under these headings in Part III.). 

Retention of Oil at Contacts. 

81 . — It is essential to employ oil in escapements, if not 
on all tlie surfaces of contact, at any rate, on the greater 
number. The general arrangement and tlie form of the rubbing 
portions should be such that the oil may collect in sufficient 
quantity, remaining in such places as it is required while it 
is not drawn on to contiguous portions. A moderately careful 
study of the main laws of hydrostatics will show how these 
advantages can be secured in practice. 


Movement ond Equilibrium of a Liquid. — Attraction. — Capillarity. 

82 . — A liquid is subject to the action of three forces: — 

1 . Gravity, or terrestrial action. 

2. Adhesion, or the mutual attraction between the liquid 
and the substance of the vessel containing it. 

3. Cohesion, which unites the liquid molecules themselves; 
or, in other word.s, the attractive force existing amongst them, 
and opposing the subdivision of the mass. 

If a small drop of oil be placed on a plate which is then 
inverted, the drop retains its position because the adhesion of 
the drop to the plate and the cohesive force acting between the 
.several molecules are sufficient to overcome the earth’s attraction. 

If the bulk of the drop be increased while the surface to 
wliich it adheres remains the same, it will lengthen on the 
reversal of the plate, and then break apart ; one portion adheres 
to the plate as a thin layer, and the other falls to the ground. 
The fall is occasioned by the force of cohesion being overcome 
by gi’avity. 

When a drop of liquid is attached to a needle point, it 
at once ascends towards the thicker part ; but if the point bo 
hammered out or fonned into an arrow head, the drop rests on 
it. The above facts explain the cause of this. 

83 . — Wlien liquids, such as water, alcohol, oil, etc., are 
introduced into a thoroughly clean vessel, they do not exhibit a 
perfectly level surface : it is raised at the edge, as seen at a 
(fig. 7). If a tube bo introduced, the liquid rises round the 
outside of it, and in the inside ascends above its mean level, as 
is seen at d. 



36 


ESCAPEMEK'IS. 


These effects are due to one and the same cause, and that 
cause is the mutual attraction existing between the liquid and 
the substance in contact with it. It is this attractive force that 
raises the liquid against the solid surfaces. It is more energetic, 
and the elevation is therefore greater, according as the sides arc 
brought nearer together. Thus the finer the bore of a tube is, 
the higher does the liquid column become. 

This phenomenon is called capillariti/^ from a Latin word 
signifying hair-like slenderness. 



Fig. 7. 

84. — Capillarity is the force which occasions the ascent of 
water to the upper sui'face of a piece of sugar moistened at its 
base, and of oil or alcohol to the exti'cmity of a lamp wick ; it alsf) 
causes the spreading out of a drop of oil on cloth, etc. The 
pores of sugar and the fibres of wick or cloth act the part of so 
many capillary tubes. 

Water ascends 30 millimeti’es (T2 in.) above its external 
level in a perfectly clean glass tube 1 millimetre (0*04 in.) in 
diameter, and the height of the column increases rapidly as the 
internal diameter is decreased. 

85, — An ascent due to capillarity also takes place between 
two separate bodies, say two plates, when placed close together. 
If their planes are mutually parallel, and perpendicular to the 
surface of liquid, it ascends to the same height between the 
plates, as shown at c (fig. 7). If the plates bo united by a hinge, 
and form an angle, as shown at d, the height to which the liquid 
ascends increases as the distance between the plates decreases 
up to their line of junction, when it attains a maximum. 

When a drop of liquid is introduced between two surfaces, 
arranged as at jw, it will, if not too far distant in the first 
instance, gradually work its way up to the junction. Further, 
if a certain inclination be given to them, the liquid remains 
stationary, since it is then drawn equally in opposite directions, 
by the attraction due to the angle and by the earth’s gravitation. 
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When the angle between the two surfaces is greater, the 
attraction due to capillarity is only appreciable within a very 
short distance of the summit of the angle. 

86. — When a drop of oil adheres to two surfaces, both 
convex, or even one convex and the other plane, as indicated at 

it collects at the point, w, at which they are ncare.st together, 
remaining there with the greater ease according as they more 
nearly approach each other. 

87. — Oil resting on a hard, well polished surface, spreads 
but little, and does not adhere firmly ; but if this surface be 
ground, the polish is destroyed and the oil adheres better. On 
a metal just filed, and therefore scored by the teeth of the file, the 
liquid rapidly spreads, for each line is evidently a longitudinal 
section of a capillary tube. It should be noted that the more a 
given extent of surface is covered with roughnesses, the greatei 
number of points of contact does it offer to the oil. These facts 
suffice to explain the reason why the chamfers made with the 
mandril round pivot holes, often retain a quantity of oil at the 
expense of the pivots, which diies, and is of no real service to 
the watch. 

88. — Centrifugal or any otlier movement may overcome 
the force of cohesion. Heat diminishes it. 

It will be evident from this why one and the same kind of 
oil will remain at the points of contact in one watch, whereas 
in another subjected to a higher temperature and to rough 
wear, it spreads or lains away along the axes. 

89. — One essential condition must be satisfied in order 
that capillary attraction may occur ; the liquid must icet the 
body in contact with it. When the reverse is the case, 
repulsion takes place, and the liquid instead of ascending the 
side of the vessel, is depressed along its entire edge, and, in 
a fine tube, the level is lower than that of the external liquid. 
This occurs in a remarkable degi’ee between mercury and 
glass, for when a drop of that metal is placed on glass, it does 
not loet it, but subdivides itself into a number of small and 
extremely mobile globules. 

90. — Capillary action is only sensible when the bodies 
racting on each other are in close proximity, and it not only 
■occurs between solids and liquids, but also between two solids. 
The nearer the surfaces are together, the more intense is the 
-effect. 
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The adhesion between clean and dry flat surfaces, 
referred to in paragraph finds its explanation in the- 
aboye considerations. 

The force with which two oiled surfaces oppose separation, 

- when superposed, is greater according as they more exactly fit 
one another. 

Application. 

01 . — The physical law's, which govern the above effects, 
lead to the conclusion that the retention of oil on rubbing 
surfaces may be guaranteed as follow's: 

Foe Pivots: — Care should be taken to leave the oil 
chamfers sufficiently deep, the jiivots long enough and of 
conical shape, and the intei'nal faces of the holes in Avhich the 
shoulders of the axes rest, as w'ell as the external faces Avhen 
these holes are provided with endstones, hollow'ed in tallow 
drop form with a very slight interval between the bottom of 
the hole and the endstone. ^Vlien these precautions are taken, 
the oil, if not present in too great a quantity, will neither 
spread nor run down the axis, but will remain partly in the 
oil-chamfer and partly attached to the shoulder of the axis, 
and, in the case of pivot holes with endstones, as the oil is 
exhausted that spread over the endstone w'ill be draw'ii inte 
the pivot hole through capillarity. 

The great majority of the chamfers met with, arc 
made without the workmen having any intelligent knowdedgo 
of the subject, and are detrimental, since they draw off and 
retain the oil. They should, therefore, not bo made at all 
unless they are arranged so as to maintain the liquid in 
proximity with the axes, and these are then able, so to speak, 
to pump it up as required. An intelligent application of the 
laws of hydrostatics, supplemented by observation, will teach 
more in relation to this subject than a considerable number of 
illustrative examples. 

Foe the Teeth op Escape- wheels : — Make the teeth 
broad and thick at the head only, in order that their mass 
and surface may be so considerable as to neutralise the 
attraction which the flat of the wheel exerts on the oil, or else 
naake the teeth long and delicate. AVhen such is the case, the 
oil is retained on the locking faces, etc. 

Gene^ly Surfaces of some extent, when not in 
contact with bodies having a much greater relative volume,. 
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retain a layer of oil veiy well. Contact point.s that are 
fonned with a head or spread out like a fan, deep reservoirs 
and chamfers (which, however, mu.st be made with judgment 
for otherwise tliey are detrimental), and finally, the plcuj 
encUhake, and angles between the fixed and movable parts of 
the mechanism ; if all these be so arranged as to give rise to 
capillary action, every precaution has been taken not onl}' to 
retain the oil at the points at which it is required, but also 
to cause it to return thither when it has been forced away by 
tlic motion of the mobiles. 

02. — Tliis will be made clear by an example. 

The geometrical principle of the hook escapement causes it 
to be regarded as .superior to the cylinder escapement, which, 
nevertheless, works better and for a much longer time : for it 
has over the former this very great advantage, that the oil remains 
on the rubbing surfaces. This will be at once evident, if it bo 
remembered that the cylinder itself presents a considerable 
sui'face where oil remains without difficulty ; the teeth of its 
escape-wheel consist of upraised masses, separated from the flat 
by thin suppoids ; and, as a consequence, the oil, unless there 
has been a want of skill on the part of the workman, docs not 
pass to the flat of the wheel ; and, finally, the general arrange- 
ment and the mode in which the whole acts, cause the oil to bo 
constantly restored from the cylinder to the wheel, and 
conver.sely. 

In the hook escapement, on the other hand, the oil, which 
must only be present in very small quantity, leaves the 
locking faces rapidly, and is drawn along the impulse pallet, 
passing partly to the back and sides of it, and partly to the 
teeth of the wheel. These teeth, in the form of pins fixed on 
the flat of the wheel, or on supports of considerable dimensions, 
should be vciy sparingly supplied with oil, and must, as a con- 
sequence, dry with great rapidity. If we endeavour to avoid 
this fault by putting sufficient oil to maintain its fluidity for a 
considerable period, it spreads itself over the face of the w'heel 
and the same result follows ; thus it happens that the escapement 
is, in a short time, working dry, or approximately so, and wear 
and irregularities are the inevitable consequence. 

We would add a remark equally applicable to other escape- 
ments. 

One cause of the rapid exhaustion of the oil in a hook 
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escapement is the fact that this oil is in a constant state of being 
driven, by centrifugal force, towards the extremity of the 
impulse pallet. This pallet carries it through the air, which is 
subjected to a considerable disturbance, and the oil is thus 
exposed to a true aii’-current, and its decomposition is thereby 
accelerated. 

The l.iesd. 

93. — The continuous action by which the tooth of a wheel 
impels the pallet of a balance or the leaf of a pinion, and causes 
it to traverse a definite arc of its angular movement, constitutes 
what is called the lead. 

The conditions regulating its action arc of the liigliest 
importance. 

The lead of a balance, as well as of a pinion, is subject 
to the clear and well-defined laws of the theory of depths. 
It is by working in conformity with those laws that we ensure 
the preservation of the rubbing surfaces for the longest possible 
time, and that we reduce the interfering causes due to the 
resolution of force to a minimum. 

We refer to Part II. On Depths, for numerous details con- 
cerning this question. 

The Kiirt of Useapements. 

liiftiDg Arc. — Supplementary Arc. 

94. — The entire oscillation of a balance may bo divided 
into two distinct portions : one during which the balance re- 
ceives its impulse direct from the source of power, and called 
the lifting arc, or simply lift ; it is by this impulse that the 
movement of the moderator is maintained, and its energy 
varies with the intensity of the motive force : the other portion, 
called the supplementary arc from the fact that the addition of it 
to the lifting arc gives the full extent of the vibration, is only 
indirectly dependent on the motive force. 

95. — The lifting arc is influenced by every irregularity 
of this power; the supplementary arc, in great part, corrects 
these inequalities. The supplementary arc should, therefore, 
be considerable in comparison with the lifting arc. 

This conclusion, although logical, must not be regarded as 
a principle applicable to every case. Demands are made upon 
us in practice which we can neither afford to neglect nor ignore, 
and it would be wrong to decide definitely that, of two different 
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forms of escapement, the best is the one which, while imparting 
to the balance the impulse required for the maintenance of its 
motion, allows of the greatest supplementary arc. 

Lift is affected by inertia and friction, influences which 
frequently stand in the way of its period being shortened, and 
the counteracting effect on inequalities in the force which main- 
tains the movement of a balance is influenced by several con- 
ditions besides the amplitude of the supplementary arc and its 
disproportion to the lifting arc. 

Without now entering into the more advanced consideration 
of this subject, we would observe that the great majority of the 
chronometer makers of the present day, have reduced the extent 
of the complete oscillation from 400" to about 360", the lifting 
arc remaining very nearly of the same extent as formerly. 


Sliort and Long Lifting Arcs. 

96 . — The extent of the supplementary arc depends 
primarily on the circumstances attending the lifting action, 
and the difficulty of determining these is, without doubt, the 
cause of the divergence in the opinions daily expressed by watch- 
makers. 

Whilst some, including many of the most skilful, take it as 
an unvarying principle that the lifting action should be very 
short and quick, that is to say, almost instantaneous, others, 
equally skilful, purposely increase the extent of the lift, 
considering that, by so doing, they perceptibly increase the 
oscillation of the balance. 

07 . — We will proceed to examine these two views, which 
equally run counter to the actual laws of Mechanics. 

The instantaneous impulse, even if possible, would have 
the gravest inconveniences. It must involve violent blows, 
varying with every change in the motive force and the adhesion. 
It would occasion a waste of power, and lead to all the causes 
of irregularity enumerated in paragraph 46 . 

As regards the increase of the lift, it is sometimes necessary 
when an escapement is heavily constructed. The excessive 
resistance occasioned by the oil, friction and inertia, renders it 
important that the time during which the balance receives 
its impulse from the wheel should be so far prolonged as that 
this impulse may be sufficient; but although this fact, so 
often corroborated by the observation of ordinary escapements, 
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especially those of the lever foi’m, is true, many watchmakers 
have unquestionably drawn a wrong conclusion from it. 

Almost every increase of the lifting angle produces further 
resolution of force, greater variability in the friction, etc., 
while it causes the lifting and supplementary arcs to become 
more nearly equal. But if the extent of the latter be in 
the first instance well proportioned to that of the lifting arc, 
it will, when altered, lose some of its power to correct variations 
in the motive force. Beyond certain limiting values, therefore, 
determined by intelligent observation and sound theoretical 
knowledge, any increase in the lifting arc could at best only 
pretend to compensate for one fault by another in any particular 
case, or in accordance with the requirements of a manufacturer. 


Conditions on which the extent of lift depends. 

08 . — ^In general, the extent of arc described by the impulse 
pallet during the lift, or, in other words, the period of appli- 
cation of the motive force, necessary to produce an oscillation 
of given extent, depends on the friction, inertia, and the 
resistance caused by oil. Reduce these obstacles to a minimum 
and the required amplitude of vibration will bo obtained from a 
lifting arc whose extent decreases as they become less. 

The length of the Impulse Pallet is proportional to the diameter and weight of 

the Balance. 

99 . — Let US consider the balance of a watch, not when its 
motion first commences, for such an observation would be 
fallacious in that it would not enable us to ascertain its real 
effect on the escapement, but consider it in full action just after 
it has completed an oscillation, the watch going with its greatest 
regularity. 

What work is required from the lifting .action after the 
completion of this oscillation, which we may regard as the 
initial one ? 

It must simply restore to the balance the slight momentum 
which has been lost since the lift last took place. 

100 . — This being granted, let us consider the case of an* 
axis rotating on two pivots and carrying a balance, which for 
simplicity may be represented by the diameter, a d, terminated 
at its extremities by equal heavy masses(fig. 8). Letthe impelling 
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force of the escape- wheel be applied to this balance by a tooth 
or pallet a h. 

Take two cases successively in which the force is applied 
at the points a and i, and observe what takes place. 

When it acts at a there is no pressure applied to the pivots, 
and the force is entirely employed to impel the balance ; the 
latter is visibly influenced by any variation in this power. 


i: 




I'ig. 8. 

Wlien the motive force is applied at i, it does not in any 
way contribute to the motion of the balance, but expends itself 
unproductivoly, being wasted in pressure and friction on the 
pivots. 

If applied successively at the points 1, 2, 3, 4, 5, it is 
resolved; one part is absorbed by the resistance due to the 
pressure on the pivots, and only the excess over the force so 
expended is available for impelling the balance. 

From 1 to i the pressure increases to its maximum, and the 
impelling force gradually vanishes. As we move towai'ds 5, the 
reverse is the case, and, while the pressure diminishes, the 
impulse increases. 

It necessarily follows from those facts that there exists a 
point of application of the force in the line a ?, which would 
involve the least possible irregularity of movement, and it 
further appears that we shall practically ascertain whether we 
have hit the point as follows : on the one side, the pressures 
arc too great in proportion to the regulating power of the 
balance and anomalies due to an excess of friction must occiu'. 
In the converse case we incur the inconvenience of a 
balance whose mass does not offer sufficient resistance to the 
variations of the motive power. (Apply the above arguments 
to the pendulum — ^ 241 , 1014 , 1297 ). 

101 . — ^Anticipating a practical application, we will com- 
pare two ordinary escapements of identical construction, except 



44 


ESCAPEMENTS. 


that one balance is lighter than the other. The point of 
application of the impelling force should be nearer the centre 
of rotation in the case of the lighter balance. The same is 
true when two balances are of equal size and weight, but the 
second rotates on much thicker pivots than the first. 

The diameter of the locking surface varies directly with the size and weight 

of the Balance. 

103 .— The action of the wheel in an escapement with 
frictional rest is always composite, or rather, it is made up of 
an action and a species of reaction. During the action the 
wheel accelerates the movement of the balance, and during the 
reaction (the locking) this same wheel partially checks the 
acceleration thus acquired. 

The extent and freedom of the supplementary arc arc 
then, to a certain extent, dependent on the intensity of what is 
here called reaction, and the extent of the arc varies also 
according to the greater or less disproportion that exists between 
these two successive and opposite actions of the wheel. 

The reaction effects, that is, the resistances which impede 
the movement of the moderator during the locking, are 
due : (1) to the friction of the pivots against the sides of tlic 
pivot-holes; and (2) to the friction of the point of the tooth 
against the locking cylinder or roller. 

Whatever be the radius of the roller (providing its weight 
remains the same), whether it be c « or c m (fig, 8), the resist- 
ance due to the friction of pivots remains practically constant 
so long as the pressure acts in one and the same direction. 

But such is not the case with the friction at the point 
of the tooth, for if the force or pressure remain the same, 
the resistance caused by it will increase with the radius of 
friction. 

If the locking point be too near the centre of rotation, 
the balance will move with such a degree of freedom that it 
will be affected by every change in the motive power, and will 
thus reproduce all its irregularities. 

If the radius of fiiction be gradually increased (no change 
being introduced in the manner in which the impulse is given), 
the freedom, and therefore the velocity of motion, of the balance 
will gradually be reduced, until a point is reached at which all 
motion ceases. 
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In fact, whether the radius of friction be too long or too 
short, irregularity in the motion of the watch will result, for 
in one case the extent and in the other the duration of the 
oscillations is unequal. It should, however, be observed that 
when the radius is too short, the supplementary arc increases out 
of all proportion with an increase in the motive force, while the 
contrary is the case when this radius of rest is too long. 

It follows from the above reasoning that within the space 
c p (fig 8), that is, witliin the length of an ann of the balance, 
one point and one only is so situated as to serve as a locking 
point for a tooth of the wheel ; and further, for a given length of 
this arm, the point of rest is at a loss or greater distance from 
the centre of motion, according as the rim of the balance itself 
is light or heavy. 


Conclusions from the two last articles. 

103 . — As the regularity in the action of an escapement 
with frictional rest thus depends on a pressure whose intensity 
is required to vary inversely with the energy of impulsion, or 
nearly so, it follows that : 

With a given motive force, the invariableness in the period 
of the movements of the balance, or, to use the trade term, 
the timing, depends on the securing of a definite proportion 
between the diameter and weight of the balance, and : 

1. The diameter of its pivots ; 

2. The radius of the curve on which locking occura ; 

3. The length and form of the pallets which ^•cceive or 
communicate the impulse. 

The radius of the balance is the distance between the 
centre of rotation and its circumference of percussion. The 
manner of ascertaining this latter will be subsequently ex- 
plained. 

104 . — No author, so far as wo are aware, has clearly set 
forth this fundamental basis of the scientific construction of 
escapements. Had attention been sooner directed to it, obser- 
vant watchmakers would doubtless have compiled tables giving 
the various diameters of pivots, the radii of rest and impulse, 
and the weight and dimensions of the balances of such watches 
as gave complete satisfaction. With such valuable information 
at hand science would have no ditficidty in assigning a reason for 
the apparent contradictions which are observed. The question 
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woxild by this time have been decided experimentally, and 
<3ven scientifically, and the watchmaker could proceed with 
confidence in the design and construction of escapements; a 
work in which he is now compelled in great measure to trust to 
chance. 


Considerations relating to Friction. 

On Uie different kinds of Friction. 

105 . — Mechanicians distinguish two kinds of friction, 
rolling friction and sliding friction. Watchmakers subdivide 
this latter kind into engaging friction and disengaging friction, 
but many meclianicians consider they are not justified in making 
the distinction. For our own part we feel that they are justified 
in employing seijarate terms since there certainly exists a 
difference in fact. Speaking strictly, rolling friction is not a 
friction but a pressure, and if disengaging sliding friction is 
indeed friction in the proper sense of the term, engaging sliding 
friction is nothing but a sort of butting. 

The further consideration of this subject will be found in 
the introductory chapter to the study of depths, in which we 
shall successively study : the nature and the causes of friction ; 
engaging and disengaging friction; the condition of surfaces 
during friction, and after it has occurred ; and the variations 
in intensity of friction when accompanying a continuous or 
intermittent motion. 

For the benefit of those who are igiiorant of the subject, 
however, we will anticipate our remarks so far as to explain 
briefly what is understood by engaging and disengaging friction. 

When friction occurs between two pieces moving in such a 
manner that one tends to force the other towards the line join- 
ing their centres of movement, and therefore called the line of 
centres^ the friction is called engaging. Such friction is very 
detrimental, for it takes place, so to speak, backwards, occasion- 
ing a butting action, in consequence of which the working parts 
are forcibly driven apart, and thus exercise a considerable pres- 
sure on the pivots and on the surfaces in contact. Two faults 
ai’e the immediate consequence ; (1) rapid wear, due to the harsh 
friction, and (2) the necessity of applying a considerable motive 
power to compensate for the force uselessly absorbed by the 
friction. 

When the di'iver is impelling the follower beyond the line 
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of centres the friction is termed disengaging. It is no more 
than a very gentle sliding action that takes place, and the 
pressure on the axis is much less than in the former case. 

Whence it is evident that, were it possible to substitute 
disengaging for engaging fx'iction during both the impulse and 
locking of an escapement, the destruction of the surfaces would 
be far less rapid, and the required mechanical effect would be 
obtained by using a prime mover of much less energy. 


Various opinions on Friction. 

106. — In every machine the resistances occasioned by 
friction absorb a considerable portion of the motive power. 
Thus, in a train of wheels, though it be well constructed, we 
must always consider that about a third of the force applied 
will be required to overcome these resistances, and, therefore, 
is entirely lost from the point of view of the work obtainable. 

The composition of a machine is thus objectionable; from 
the very nature of friction it follows that the surfaces in contact 
mutually destroy one another ; the force is transmitted irregu- 
larly tlirough the train of wheels, and the amount absorbed in 
utter loss increases rapidly, occasionally to such an extent as to 
entirely stop the action of the motor. 

The question with regard to friction, then, comes before 
the watchmaker under two aspects. 

On the one hand : absorption of potcer, an absorption which 
incrca.scs as the resistance caused by friction increases. 

On the other hand ; irrognlaritg in the motement of the 
mechanism whenever the nature and intensity of the friction 
vary. 

107. — ^Looking at the question solely from this latter point 
of view, watchmakers have almost without exception concluded 
that, with the majority of escapements, it is preferable to render 
the friction (of course retained within moderate limits) smooth 
and unifomi rather than attomjxt to reduce it, thereby securing 
questionable advantages. They are still opposed by certain of 
their confreres who consider friction, of whatever kind, to be a 
constant cause of variability and destruction. According to 
those latter, perfection wf)uld be attained by entirely suppress- 
ing friction in all its forms. 

The first class say, “Experience shows that in numerous 
cases a certain amount of friction tends to neutralise the effects 
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of a variable motive power (103), which is proved by the fact 
that, of the escapements in use, the best regulated are not 
always those in which the friction is least;” and they with 
reason add, “that it is not so much friction itself as ifs ineon- 
siancy that is a cause of anxiety.” 

To this the second class reply, “ Theory shows that varia- 
bility in timing increases with the amount of friction, and, if 
the above assumption be true, it is difficult to explain the extra- 
ordinary regularity attained to in marine chronometers ; for in 
them the friction of the escapement is reduced to the lowest 
}X)ssible amount, and, indeed, practically done away with 
(luring the supplementary arcs.” 

To tlio latter class we would say that it is an error to take a 
relative truth as an absolute truth ; and, although they may bo 
right as regards one j^articular case, they are wrong as regards 
a large number of other cases ; that theory by no means shows 
variability in timing to increase with the amount of friction ; 
and, finally, that in maintaining so biased an opinion they 
ignore the fact which skilful chronometer-makers can easily 
prove, namely, that escapements involving a minimum of 
friction can only be timed when provided with an isochronal 
spring and perfect compensation — expensive accessories that are 
useless in the case of escapements with frictional rest, but these 
will nevertheless, without such additions, afford a regularity 
wdiich is perfectly satisfactory for all ordinary purposes. 

A singular featiu'C in the discussions which have taken 
jjlace on the subject wo are now considering is that those who 
advocate the total suppression of friction at the same time 
admit correcting pressm-cs, such as are found in Gi'aham’s 
escapement amongst others; just as if the pressure did not, 
during the motion of the escapement, occasion friction. 

108. — Bearing in mind the results arrived at in the articles 
summarised in paragraph 103, we shall presently state the 
conclusions of a discussion now finally settled; and we can, 
before doing so, give numerous practical proofs that, in some 
cases, a certain amount of pressure is a necessity (38) ; we, how- 
ever, confine om-selves to the following as sufficiently decisive. 

Experimental evidences of tlie advantage of a certain amount of Friction. — Edsumt^. 

109. - If a verge escapement be provided with jewel holes 
and pallets, its contrate wheel pivots supplied with endstonos, or 
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the pivots of the balance-staff be extremely fine, all precautions 
tending to diminish friction, it will be difficult to time it; 
indeed, as a rule it will be impossible, or only possible during 
a more or less limited period. 

110. — In the case of horizontal watches of the ordinary size 
in regular wear, provided the diameter of the cylinder is very small 
(the wheel being large) so that the friction during rest may bo 
reduced, the cylinder escapement gives unsatisfactory results. 
With a ruby cylinder, where the friction is less than on metal, 
a watch is usually less satisfactorily regulated than with a steel 
cylinder, assuming both to have been recently cleaned. It often 
happens that in the course of one or two months or possibly more, 
a ruby cylinder will give fairly accurate timing, and the attain- 
ment of this result always coincides with an increase in the 
consistency of the oil. 

111 . — The double hook escapement, in which the period of 
rest is very brief, is seldom capable of accurate timing without 
the coiTCcting influence of a fusee. 

112. — The duplex escapement, when scientifically and 
carefully constructed, is superior in timing to the cylinder 
escapement ; the friction during rest in the first case is never- 
theless greater than in the second. 

113. — Lastly, of the detached escapements ordinarily met 
with, the lever escapement, one of the best, is the one in which 
the friction is very considerable and varied ; this fact is at once 
evident, if we add together the several resistances due to the 
weight of the balance, the .six pivots in the escapement, the draw 
or recoil of the wheel, the pressure and friction occasioned by 
the passing of the tooth over the pallets, and by the entrance 
of the ruby pin into the fork, and finally the resistance duo 
to the oil required by the numerous points of contact, the 
thickening of which in the com'se of time increases the several 
opposing forces. 

Yet, notwithstanding this large amount of friction, watches 
with lever escapements maintain a very great regulaiity in their 
movement, that is, a regularity which abundantly satisfies the 
requirements of the ordinary public ; but the greater number 
of such portable timekeepers as are provided with the detent 
escapement, in w'hich friction is much less, are the banc of those 
watchmakers who are called upon to regulate them. At least the 
greater half of this class of watches, although constructed by the 

4 
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most skilful workmen in the factories, vary in their rate from 
time to time. To secure the best possible results from such an 
escapement, we must, as already observed, provide a compen- 
fiated balance (compensated, that is, in reality and not solely in 
name, as is the case with those worthless balances now brought 
into the market in such profusion), and with an isochronal spring. 
But such delicate work can only be accomplished by chronometer 
springers, first-rate workmen, rare specialists, and they alone 
have learnt by long experience the practice of such slow, diffi- 
cult, and expensive timing, which is, in consequence, entirely 
■out of the question in the case of ordinary pocket timekeepers. 

114 . — In the two succeeding paragraphs, the above article 
is smnmarised in the form of axioms, for it appeared necessary 
first to discuss the subject in some detail, in order to finally set 
at rest a question which should have been long since decided. 

I. 

In the case of escapements with frictional rest our aim 
should be to render the friction as uniform as possible, and to 
reduce the destructive action on the surfaces to a minimum. 
The primary aim should be to determine accurately the radius 
of the locking surface, since on it depends the amount of the 
friction as well as its correcting influence on the inequalities of 
-the motive power. 

n. 

In accurate and scientific timekeepers, that is in chrono- 
meters (really deserving the name), the friction of the escapement 
should be reduced as much as possible, care being always taken 
to avoid weakening the parts and to ensure a perfect contact for 
a sufficient length of time. Excessive friction entirely or in 
great part nullifies the effects of isoclmonism and compensation. 

Conclusion of tbe Introduction to tbe Study of 
Escapements. 

115 . — We will now conclude this review of the general 
principles to be borne in mind when designing, or even merely 
improving, an escapement. What has been said will suffice to 
throw some light on the subject, and to show that theoretical 
and practical knowledge is required which cannot be neglected 
with impunity. 

We would only add a remark which we shall often have 
■occasion to repeat; the means of attaining to regularity in 
machines will be best secured by looking at the subject as a 



CONCLUSION TO THE INTnODUCTlON. 


f>l 


"whiole, by a systematic general arrangement of all the parts, 
by an exhaustive study of their mutual influences, and finally, 
by a judicious choice of expedients, and not by looking at such 
and such a fact or such an isolated property ; in Mechanics, as 
in nature, goodness or badness is but a relative term. 

It will be well to remember that each period in horological 
science has possessed its universal panacea ; at one time it was 
isochronism; at another, perfect compensation; at a third, 
constant motive power ; at yet another, the weight of the 
regulator so excessive that there was barely sufficient motive 
power to impel it; and so on. Tlie remarkable phenomena 
here referred to have only advanced the art of Horology when, 
as it were, blended together, being adapted the one to the other, 
and modified in accordance with their mutual relationships. 

It is always wise to listen to the last words experience has 
to say on novelties, or what are at least put forward as such, 
whose acceptance is too often due to ignorance or to charlatanism, 
which, in the absence of any merit or intellect, resorts to this 
convenient but well-worn method to make a pedestal for itself, 
where, unfortunately, we too often see . it mounted at the 
present day. 

Moreover, it must never be forgotten that in delicate 
mechanism, such as timekeepers, a want of care in their 
construction, a faulty selection of material, one fault 
neutralised by another, etc., points which frequently are 
not to be detected by the senses, suffice to explain the good 
results obtained for a time from arrangements radically wrong 
in principle, and which never fail to fall into disuse in the 
course of a few years. These exceptions have always liroved 
the rule, confirming the truth and usefulness of the laws of 
Mechanics. Unfortunately, that science is only known in 
name by the majority of modem watchmakers, and even by 
a great number of those who write on their art ; and this led 
that distinguished mechanician, M. Rdsal, to say with reason, 
“It often happens that watchmakers, who have commenced 
work without being properly grounded in the subject, demon- 
strate one day the converse of what they had the day before 
held to be correct. They would abridge their arguments and 
give a lasting character to their labours if they would only rely 
on the immutable laws of Physics and Mechanics, as is done by 
the designers of heavy machinery.” 
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TABVIiAR SUMMARY 

Of the General Mechanical Principles which bear on Pscapement*. 

Smioh Employed.— C, oiroumf erenoe ; D, diameter; S, space; F, force; ^ = 32-2 
(9‘81 on the metric system), the Telocity acquired by a body falling for 1 second under 
the influence of grarity, measured in feet (or metres) per second ; H, height ; I, inertia ; 
M, mass ; W, weight ; P, power ; R, resistance ; r, radius ; T, time ; V, velocity. 

The foot-pound (or force required to raise 1 pound weight through a space of 1 foot) 
is the unit of meohanioal work. 


lie#— Weight. The specific graTity of a body is its density as compared with that 
of water ( 47 ). W = M x 

W 

1 1 7 *— The Mass of a body is given by the formula ^ 

118 . — Velocity is the space traversed by a body in a unit of time. 

no.— S pace is, in general, the distance travelled, without regard to the time. 

liSSO. — Relation of Force to Velocity. Motive forces or pressures, whose in- 
tensities are constant or vary but little, are proportional to the increase which they occasion 
in the velocity of a body. When the force is variable, we assume it to be proportional 
to the increments which it occasions in the velocity of a body during infinitely small 
equal periods of time. 

ISSl. — Vis Viva, is the effect produced by a force when it impels a body with a 
definite velocity. The vis viva is expressed by multiplying the mass of the body by the 
square of its velocity at the moment under consideration. Knowing the mass and 
velocity we can deduce from them the moving force. 

Hence, to double the velocity, we must apply four times the force. 

Centrlfugal Force. The tendency of a body rotating round a point to 

W V* 

escape from that point is given by the formula, F ~ 

9 ^ ^ 

1 33. — Inertia. The force required to overcome inertia (or to neutralize the vis viva) 
increases as the square of the velocity impressed on the body. This force is expressed 
by the formula I = M V* and is the same as that which would be required in order to 
impart an equivalent vis viva to the body ( 33 ). 

134 . — The Mechanical Work given oitt by a Source of Power is expressed 
in foot-pounds by multiplying the energy or pressure exerted by the space traversed, 
measured in the direction of that pressure. 

135 . — Momentum is expressed in foot-pounds by multiplying the mass by the 

W X V 
Telocity, thus — - — 

136 . — Falling Bodies (Latitude of Greenwich). The velocities acquired by bodies 
falling freely are directly proportional to the times, and the spaces passed through are 
proportional to the squares of the times. 

At the end of each second : 

The velocity (in feet) is 32 '191 

The total space traversed is 16 '095 

The space traversed during that second is . .. 

The velocity acquired by a body in falling freely for a given period is obtained by 
multiplying the number of seconds in that period by 32 '2. 

The distance fallen, H, being known, the velocity at the end of the path is given by 
the formula, V =^64 *4 x H. 

If the velocity at the end of the last second is known the height is given by tho 
V* 

expression H » ^ 

137 . — -Resistance of the Air increases with the extent of the surface directly 
opposed to its action ; with the force opposed to its passing over the surface ; 


1st. 

2nd. 

3rd. 

4th. 

32'191 

64*38 

96-57 

128*70 

16'095 

64'38 

14^1*85 

25T'52 

16*095 

48*28 

80*47 

112'6G 
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^ith the velocity of the moving body, and in a proportion which ia sometimes lesa 
and sometimes greater than the square of that velocity (91). 

198 .— Unifobm Motio5. This is the general case of the transmission of force, 
S = V X T. 

190 .— TJnifobmlt Yaeting Motion. The space traversed is equal to half the 
sum of the extreme velocities multiplied by the time occupied (in seconds). 

130 . — Adhesion between Oiled Stjhpaces. The resistance to separation is pro- 
portional to the extent of the surfaces in contact. 

131 . — Peessdee. Pressure is proportional to the weight or force producing it. 

139 . — Fkiction. The resistance due to friction is proportional to pressure, but 
independent of the extent of the surfaces or the velocity of the movement. 

Exception, Between the rubbing surfaces of the escapement where oil is essential, 
ihe resistance is (approximately) proportional to the extent of the surfaces in contact 

133 . - Feiction of Beaeings. This is governed by the same laws as the friction 
between plane surfaces, providing the bearings are constantly lubricated by some fatty 
substance. Otherwise, the less the extent of the rubbing surfaces the more rapid is the 
wear. When these surfaces are not of suflBcient extent, any excess of pressure expels 
the lubricating substance ; there is then a destruction of the surfaces and the friction is 
increased. 

The Larger Pivots used in horology come under the head of bearings. For pivots 
of an average size consult ( 43 ). 

Exception* The pivots of the last mobiles oiler a resistance which is taken, on 
the whole, to vary directly with their diameters, providing the pressure acting on them 
remains the same. This value of the friction, deduced mainly from the experiments 
of Romilly and Berthoud, can only be accepted as a mean value, for a determination of 
its exact amount would require fresh theoretical and experimental determinations of a 
very delicate and complicated nature. 

134 . — Inclined Plane. When P acts parallel to the plane, P is to E as the height 
of the plane is to its length. If P acts horizontally, P is to R as the height is to the 
base of the plane. 

135 . — Levee. P is to R in the inverse ratio of the arms of the lever, that is, of 
the shortest lines drawn between the fulcrum and the directions of the forces P and R 
(see 1034 ). 

136 . — The Appeoximate Ratio of P to R in a machine can be conveniently 
determined by measuring the spaces traversed by the two forces ; the required ratio, 
disregarding friction, is the inverse of these spaces. 

137 . — ClECLE. The ratio of the diameter to the circumference is 1 to 3T416. If 
the latter number be represented by tt, we have C = tt D.— The surface of a circle is 
found by multiplying the square of the radius by 3T416, or else by multiplying the 
circumference by half the radius. The circumference increases with the diameter ; the 
surface as the square of the diameter. 

A disc of metal, with a diameter twice that of another disc of the same metal, will 
weigh four times as much, providing the thickness remains constant; if all the dimen- 
sions are doubled, it will weigh eight times as much. 

138 . — Spheee. The surface of a spherical globe is obtained by multiplying the 
square of the diameter by 3'1416.— Its volume is equal to its surface multiplied by a 
third of the radius. 

130 .— A Ring oe Rim of a balance, wheel, etc. The flat surface may be cal- 
culated by adding together the internal and external diameters, and multiplying the 
sum by their difference, and by the figure 0*7854. The volume is given by multiplying 
the surface of the ring by its thickness. 

140 . — Cylikdee. The curved surface of a cylinder is obtained by multiplying the 
circumference of the base by the height of the cylinder. The vclumc is the product of 
the surface of the base into the height. 
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CHAPTER I. 

Preliminary. 

141 .— The verge is, as already seen in paragraph 4 , a 
recoil escapement, and it is gradually falling into disuse. 
Hence numerous correspondents have desired that the articles 
devoted to its consideration might be suppressed in this second 
edition, hut we have been unwilling to comply with their 
request, since there are still made, chiefly in the canton of 
Berne, more than 300,000 verge watches annually, and, as such 
watches exist in very large numbers in the provinces, watch- 
makers will, for a long time to come, be under the necessity of 
repairing them. 

Some authors consider it to be of German origin, others 
Arabian. Pierre Dubois, in his Ristoire de Vhorlogerie,* claims 
it as a French invention, attributing it to Pope Sylvester II., a 
learned and remarkable man who flourished about the year 1000. 
Without attempting to reconcile these varied opinions, which 
are not supported with much earnestness, we would only add that 
all we know for certain is that it was the sole escapement used 
in timekeepers up to the time of Huyghens (17th century). 

At first it was arranged in the manner shown in figure 9, 
the wheel impelling two pallets on a vertical axis suspended by 
a cord. A metallic rod, indented like a saw, was fixed across 
this axis, and carried two weights, called “ regules ” or “ regula- 
tors^'* These were moved towards or from the centre of rotation, 
according as it was desired to accelerate or check the movement 
of the timepiece. Such an arrangement was designated a 
^^folliot ” escapement. 

The improvements introduced into the verge escapement 
in the course of last century were entirely the result of 
experiment ; for, with the exception of so-called demonstrations 
of the principle, involved and inconclusive, it was not until the 
present day that the researches and labom’S of several able men 
resulted in a geometrical theory of the action of the verge 
escapement. 

• P. Dubois has ■written works of great value as regards the history of his subject. 
The recent death of this elegant and fluent writer is much to be regretted ; had he not 
passed away so suddenly, he would doubtless have eliminated from his works errors ot 
a technical and scientiflo character, several of which are revivals from a past age. 
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Although it has now fallen into utter discredit, yet skilful 
practical men cannot but confess that results more satisfactory 



Fig. 9. 


than those ordinarily met with are attainable; but such success 
involves careful workmanship. The very greate.st care i.s 
essential in tlie adjustment of the relative positions of the axes, 
the opening of the pallets, the depth to which they are 
cut, the correctness of form and the equality of the teeth of the 
wheel, the accuracy of each drop, the proper reduction of 
recoil, etc. ; indeed, should all these conditions be once fulfilled, 
they will remain so only for a short ijcriod in consequence of 
the wear of the pivot holes, the enlargement of which will 
gradually change the chai'acter of the escapement depth. 

Berthoud, whose predilection for the verge escapement is 
well known, confesses in his Sssai that to construct it in its 
highest perfection is a work of great difficulty, which can only 
be accomplished by very few workmen. 

It will thus be seen that the production of a good verge 
movement involves as many difficulties as that of the majority 
of the best escapements used in watches; while these latter 
have over it this advantage among others, that by forming the 
pivot-holes and pallets of ruby they are rendered almost indes- 
tructible, except by accident, and the uniformity of their action is 
thus ensured, since the rubbing surfaces are far less liable to wear. 

The excellent escapements now in use neutralise very 
effectually the inequalities of the motive power, a fact which 
the suppression of the fusee clearly proves, while with the verge 
a fusee carefully adjusted to the mainspiing is indispensable ; 
indeed, it often happens that on renewing the spring, it 
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becomes impossible to regulate the watch without first re- 
adjusting the fusee. 

Verge watches which are good timekeepers are certainly 
met with occasionally; but this must rather be looked upon 
as due to certain actions counteracting each other than 
to any intrinsic goodness, and the proof is found in the fact 
that when once these watches get out of order, they, as a rule, 
remain so. No watchmaker dare undertake to restore them to 
their original condition. 

This escapement, then, should only be employed in watches 
of common construction, and especially such as are thick. A 
watchmaker applying it to watches which arc required to be 
accurate timekeepers, would prove himself to be utterly ignorant 
of the real condition of his art. 

As the verge movement is so well known, it appears 
unnecessary to give any explanation of its mode of action. 


Advantages and Disadvantages of the Verge Escapement. 

143 . — The advantages secured by using this form of 
escapement are the following : 

1. It requires no oil on the pallets, and, as all the pivot- 
holes can retain a sufficient suj^ply for themselves, the watch 
very rarely requires cleaning. 

2. It is easily set in action (the regulating is another matter). 

3. For the manufacture of the ordinary class of watches, 
it can be made in factories at a very moderate price. 

This last fact has led one writer to say that the form of 
escapement we are now considering combines economy with 
durability, an assci'tion which can only be accurate if the author 
is referring to Franche Comt6 * clocks, or to the low prices 
charged for the repair of verge watches. There is not a watch- 
maker who does not know how seldom the verges of watches 
are found to be perfect after they have been in action for any 
length of time. 

143 . — The disadvantages of this escapement, which have 
been chiefly indicated by Lepaute and Jodin, are : 

1. That it requires the motive power to be always the same. 

2. That it renders the watch liable to gain in its rate with 

• Franche Comt^ was an old French province composed of the Departments of 
Doubs, Haute Sa6ne and Jura. Besan^on was the head town. Comt4 clocks, or 
Comtoises, are manufactured at 'Morez-du*Jura. — Tm 
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any increase in the motive power, and to lose when tlie reverse 
is the case ; and this causes it to be easily influenced by changes 
of temperature. 

3. Unless the case be thick, and there is a long axis to the 
verge, the oil on the lower pivot ascends to the pallet, and is 
transferred to the teeth of the wheel, disarranging the timing and 
increasing the liability to wear. If, in order to avoid this spread- 

- ing of the oil, only a small quantity is ajiplied to the pivot, it dries 
rapidly, the watch goes irregularly, and the pivot wears away. 

4. The employment of a contrate wheel as a fourth wheel 
of the train is compulsory, the depth of such an one is un- 
satisfactory, and the friction which ocem’s is variable. Allien 
the axis of the balance wheel is made to pass on one side of that 
of the contrate wheel, these faults become still more serious. 

5. The pivot of the verge wheel nearest to the verge is so 
strained by the reciprocating action to which it is subjected 
that its pivot hole rapidly becomes oval. 

C. In comparison with other escapements, the balance can 
only traverse very small arcs without over-banking or banking. 

7. The jiosition of the verge wheel renders it compidsory 
that it be of small dimensions, and, the lever acting on the 
jiallets being thus shortened, the force exerted is proportion- 
ately increased. It must be remembered that by diminishing 
an escape-wheel we increase both the friction and the 
sensitiveness of the balance to variations in the motive power. 

8. The exact amount by ■which the pallets overlap the 
teeth of the wheel, that is, the amount of lift, is with difficulty 
maintained constant, since the rubbing surfaces wear away, as 
ruby cannot be used either for pallets or holes. 

9. Lastly, far from being independent of the motive power 
this escapement is most closely dependent on it. The several 
mobiles moot when travelling in opposite directions, and this 
occasions inqiacts and friction of the most trying and destructive 
kind. Whenever the watch is cleaned, the escapement will re- 
quire repairs, and these, if not done with skill and intelligence, 
will change its initial condition rendering it imperfect for a long 
time; possibly for ever. For, be it observed, the escapement is 
far from being simple, as many watch- jobbers pretend and as 
jsome authors have stated, finding it convenient to conceal, under 
"this pretext of simplicity, their ignorance of the principles on 
which it acts. 
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DiiHEivsioivs nv vogue: at different Epocns. 

144 . — THIOUT. — Julien Le Roy and Sully have given 
in Thiout’s Treatise* the proportions which their great ex- 
perience led them to adopt, together with an attempt at 
explaining the action of the escapement. The following para- 
graph is extracted from their article : — 

“ Considerable judgment is necessary in designing the 
teeth of the balance wheel, as well as a great amount of skill 
and care in its construction. In this escapement there are 
three main points which require to be specially correlated, 
namely, the depth between the teeth of the wheel and the 
pallets, the form of these teeth, and the angular opening of the 
pallets themselves.” 

This paragraph is followed by a train of abstract reasoning 
(much of which is difficult to understand, and contains im- 
portant errors) intended to prove the advantage of the following 
proportions, regarded by Le Roy and Sully as the most 
convenient mean values and the best adapted for avoiding 
extremes in either direction. 

Inclination of the teeth to the axis of the wheel, 25° to 27°- 

Opening of the pallets, between 95° and 100°. 

Depth of the escapement, two-thirds of the width of the 
pallet. 

Thickness of the pallets, half the diameter of the verge axis. 

Width of the pallets, six-tenths of the space between one 
tooth and the next (or, more accurately, ). 

145 . — FERDINAND BERTHOUD. — “ The verge 
escapement is the best fitted for the accurate measurement 
of time.” (We now well know that this is not the case.) 

“The escape-wheel teeth should be small and close 
together, so as to reduce the draff on the pallet, and con- 
sequently the friction. 

“In order that the recoil may be reduced, the wheel 
should have but few teeth. Assuming the body of the verge 

* Thiout, the elder, watchmaker to the Duke of Orleans, published his TratU 
d* Korlogerie in two large volumes in the year 1741. Beferring to it, Moinet observes : 
“Thiout's work is without doubt very badly composed, and the printing is still worse; 
errors of orthography and punctuation often occasion contradictions; but, never- 
theless, readers with a knowledge of the subject may still find useful ideas in it, and 
some sound advice. The many faults met with in it belong, to a great extent, to the^ 
period of its publication.” 
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to remain the same, the lifting arcs would thus increase, and 
the recoil would be less in proportion ; this will conduce to 
isochronism in the vibrations. 

“Since the recoil tends to destroy the pivot holes, and 
thus to alter the lifting arcs, it is essential to reduce it as 
much as possible, and cause it to occur when the action of 
the tooth is almost central; otherwise, the balance will not 
complete its vibrations freely, and it will further be influenced 
by variations in the motive force. 

“ The body of the verge must be reduced as much as 
possible, in order that it may bo brought close up to the wheel, 
for then (1) the friction is less, because the pressure of the 
wheel remains the same, while the drag is diminished, and (2) 
the lifting arcs would be greatci’ — the supplementary arcs^ 
being consequently less ; hence loss irregularity will be 
occasioned by a varying motive force. 

“ The pallets should be cut short of the centre, so that 
the drop may be reduced.” 

14C. — Several conti'adictions, such as the following, may 
be found in these extracts from Berthoud. He recommends 
wheels with few, and therefore large, teeth in order to secure 
isochronism ; and, in another place, wheels with many, that is 
small, teeth so as to diminish friction, and he never attempts 
to reconcile these two extremes; then he advises that friction 
and recoil be reduced, and yet requires pallets which are cut 
short of the centre ; it is well known that such pallets occasion 
more friction and recoil than any others. 

It is difficult to explain the fondness which Berthoud had 
for the verge escapement, for all he says about large arcs of 
vibration, the necessity of diminishing friction, and of 
rendering the escapement as free as possible, etc., appears as 
though it had been written in favom of dead beat escapements 
as opposed to the verge, and his A’iews, so favourable to this 
latter, are antagonistic to those of contemporary writers, 
notably of Lepaute and Jodin. 

Berthoud in no way explains the principle of the verge 
escapement, if we except a few vague passages met with at 
rare intervals in the course of the two volumes of his £ss(ti. 
Three points are clearly demonstrated by this author, (1) the 
pallet should not overlap the teeth by more than two-thirds of 
its own width ; (2) the friction, especially that due to recoil, is 
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the main objection to the escapement; and (3) the entire 
oscillation of the balance rarely exceeds a half circumference. 

Opening of the pallets 90®, 95®, and even 100“ when it is 
desired to increase the vibrations and at the same time to avoid 
over-hanhing or banking. 

Inclination of the teeth of the wheel 15° to 20®. Occa- 
sionally it is as much as 25®. 

The total arc of vibration should be three times the lifting arc. 

147 . — TAVAN (See a Memoir published by the Gieneva 
Society for the Advancement of the Arts). Opening of the 
pallets, 100®. 

Inclination of the teeth, 25® ; lifting arc, 40® ; entire amount 
of vibration without over-banking, 220®. 

The width of the pallets measured from the centre of the 
axis should be -rV^hs of the diameter of an 11 -toothed wheel, 
-j-^ths that of a 13-toothcd wheel, and xVths with 15 teeth. 

Tlie depth should be so adjusted that when the opening of 
the pallets is 100®, and these occupy the positions indicated in 
figm'e 10, page 04, the tooth shall cause each pallet to traverse 
an angular path of 20® (thus completing the entire lift of 40®). 
The points of the teetli will then be in the vertical plane 
indicated by the dotted line MN. 

“ With such a depth the requisite amount of drop is 
.secured without any catching ; this, then, is considered in 
practice to give the best results.” 

It will be evident from a simple inspection of the figure 
that the requisite depth is attained when the teeth and pallets 
overlap by about two-thirds of the width of the latter. 

148 . — MOINET (In an article by Duchemin). Opening 
of the pallets from 100® to 110®; it may be as much as 115®. 

Width of the pallets, measured from the centre of the axis, 
lialf the interval between one tooth and the next. 

Total lift 40® ; inclination of the teeth from 30® to 35®. 

“ The modem practice of cutting verges tends towards 
Berthoud’s iwinciple, since it allows of the wheel being brought 
into closer proximity to it ; but this must not be carried too far, 
for the lever being thus shortened, a balance less heavy, and there- 
J'ore less able to over come the clogging of the oil must be employed.’’^ 

149 . — M. WAGtNER (In a Memoir on Simple Escape- 
ments). Opening of the pallets from 100® to 115®; lifting 
arc, 50®; entire arc of vibration, 170®. 


/ti/aQ 
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The other proportions are the same as those adopted by 
Duchemin. 

“If,” says M. Wagner, “ the rules laid down by this horo- 
logist be followed, the rate of timekeeping of watches with the 
verge escapement will equal that of watches of the horizontal con- 
struction.” (Experience has shown that the reverse is the case.) 

“ The length and opening of the pallets should vary with 
the angle of oscillation which it is desli'ed the balance or pen- 
dulum shall describe, not with the diameter of the wheel as has 
hitherto been assumed ; at the same time the distance between 
the teeth is a material factor in such an adjustment.” 

“ Notwithstanding all that has been said against this 
escapement, and the lightness of the pendulum usually employed 
(he is hero speaking of marquetcrie timeineces and comtoise 
clocks), the uniformity in the rate of a considerable number of 
such timckccpei's is quite as satisfactory as when the modern 
escapements, so much vaunted, arc emphjyed.” (The opening 
of the verge pallets is relatively very small in them.) 

“ Tlie notion that this escapement cannot bo employed in 
conjunction with pendulums as hea^y as those impelled by other 
escajicments is erroneous.” 

“ The main object held in view in deciding upon the fore- 
going conditions has been to obtain the greatest effect with the 
least possible amount of friction.'^ 

“ I would observe that in order to reduce the friction to a 
minimum, it is essential that the action of the tooth on the 
pallet during the entire oscillation, especially during the 
supplementary arc, should occur as nearly as jiossible on the 
line joining the centres of the axes of the pallets and the wheel.” 

‘ ‘ The action of the tooth against the pallet has a very slight 
effect on the friction of the pivot.” (This is only true in the 
case of timepieces in which the angle of the verge pallets is 
small, for with watches the converse is daily proved to be true 
by the rapid enlarging of the pivot-holes.) 

At the conclusion of a comparison of the proportions 
recommended by Le Roy and Wagner, we read : — 

“ In the first, where the opening of the pallets is con- 
siderable, there will bo an increased friction both at the points 
of the teeth and at the pivots of the verge wheel in consequence 
of the oblique action of the pallets on the teeth during the 
recoil of each tooth, or dming the supplementary arc. It i* 
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thus demonstrated that the more the opening of the pallets is 
increased beyond the extent necessary to avoid ocer-baiik/iig, the 
more friction occurs, and, as a consequence, the greater tcill be 
the variation in the rate of timekeeping. 

“It has already been shown that the variation due to 


Motion is directly proportional to it.” 

“ The obliquity of the faces of the teeth should increase 
as we increase the arc of vibration, the inclination of the faces 
being a few degrees greater than one-half of the supplementary 
arc ” (taken only on one side). 

“I must here remark that the friction of the point of the 
tooth on the face of the pallet increases with the arc of vibra- 
tion, a circumstance which cannot be prevented in tins arrange- 
ment. This fact proves that the escapement is all the more capMe 
of giving accurate results as the oscillations are made shorter^ 

150 .— After such quotations as the above, it is difficult to 
understand how the author we are considering can have pre- 
ferred, in the case of a watch, to adopt the proportions 
recommended by Duchemin. It is certain that he, a skilful 
watchmaker, is prejudiced, throughout his work, by a con- 
sideration of various facts observed in clocks, and especially in 
the larger class of timepieces, in which this form of escapement 
works in connection with a pendulum. Thus, for example, he 
does not^ attach sufficient importance to the recoil, which, 
while quite insignificant in the escapement of a clock, where 
the entire oscillation is of small extent, becomes a cause of wear 
and very serious irregularity in watches where the amplitude 
of the arc described is about eight times as great as in clocks. 

We will confine our criticism to the above remarks, and 
this reserve in discussing the views of a horologist now living 
will be easily understood. 

Although quite unable to explain M. Wagner’s choice of 
the proportions suggested by Duchemin, we must here record 
that it 18 to him, so well known by the beautiful turret clocks 
of his manufacture, that wo owe the geometrical theory of the 
escapement now under discussion. 


liable showing the Proportions recommended by various 

Authors. 

T -D j « IlfCLIKATION OP THE TbbTH OP THB WflBBIi. 

ije Jloy and Sully 25® to 27® \ 

Berthond 150 20 ° then to 26 ” I 

26® / Minimum 16®, Maximum 36*. 

•Uttohemin. Wagner 30® to 86* I 
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Opening op the Veeoe Pjlllets. 

Le Eoy and Sully 95° to 100° 

Berthoud 90° to 95° k even 100° 

Tavan 100° 

Duchemin-Wagner 100° to 115° 

Two remarks in connection with this Table. 

151 . — On examining the above table it will be seen that 
the earlier proportions differ from the more modem in this ; 
with the older watchmakers the opening of the pallets varied 
between the limits 90® and 100®, and with recent makers the 
limits were 100® and 115®. Tlie maximum opening in the former 
case is exactly the minimum in the latter. It seems strange 
that it did not occur to such horologists as Le Roy, Sully, 
Berthoud, Jodin, etc., who occupied themselves with the vertical 
escapement during many years, that the addition of a few 
degrees to the opening of the pallets would ensure a greater 
degree of accuracy than that to which they had then attained. 

A prolonged experience of this escapement had led them 
to discover the difficulty which the advocates of a considerable 
opening, carried away by the system of very large oscillations 
at one time in favour, had not foreseen, but which they could 
not have failed to discover after a few years passed in watch- 
jobbing. 

It is a fact equally worthy of remark that whenever 
practical men have found fault with Le Roy for making the 
opening of the pallets in his verge clocks too great and the 
pallets themselves very short, thus rendering a light balance 
and large oscillations essential and introducing excessive fric- 
tion, they have condemned the modern system of escapement 
with very open pallets, which are also deserving of the above 
criticisms, and not less justly so than the clock escapement of 
Le Roy. 

CHAPTER II. 

Pltl^CIPliE OF THE VERGE ESCAPEMEIVT. 

Tangential Escaping. 

152 . — Let a b (fig. 10) be the line which passes 

through the centres of movement of the wheel and verge ; z y 
the line of action of the motive force, and, at the same time, the 
projection of the plane passing through the points of the teeth. 
It will be at once seen, from a simple examination of the figure, 
that the only case in which the escapement acts tangentially is 


Minimum 90®, Maximum 115®. 
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when the face of the pallet is in the plane a h. For the line, 
z Y, indicating the line of action of the force, is then perpen- 
dicular to the radius a q and consequently is a tangent to the 
circle p q r. 



Pig. 10. 

Becoil takes place when the pallet, having received the 
impulse from the tooth, compels this latter to move in a reverse 
direction. But, since the drop only occurs when this tooth lias 
passed the line of centres, it follows that, while the tooth is 
forced backwards, friction is brought into play which diminishes 
as the action takes place nearer and nearer to the lino a b. 

153 . — Hence : In the verge escapement, the friction intro- 
duced, the resolution of the motive force and the pressure on the 
axes, during the lift and recoil, will increase as the action takes 
place farther from the line of centres, thus becoming more and 
more oblique to that line. 

The lifth accompanied by disengaging friction. The recoil, 
on the contrary, is influenced by engaging friction ; it is in the 
recoil, therefore, that theprimary fanlt of thismechanismconsisls. 

The pallet escapements of clocks are so constructed that the 
action shall take place much less obliquely to the line of centres 
than in watch escapements ; thus it is that the former continue 
to work satisfactorily for a much longer period than the latter. 

To Design a Terge Escapement. 

154 . — The method adopted in preparing such a design is 
based on the principle laid down by M. Wagner that “ The 
length and opening of the pallet should vary with the arc of 
oscillation it is desired the balance or pendidum shall perform.” 

Consider the case of a clock escapement which is required 
to describe 8“ of lift and 6° of supplementary arc. 

The opening of the pallets will therefore be 14®. 

Draw AB(fig. 11) the line of centres; at equal distances on 
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either side of this line draw two lines h and x parallel to it, 
such that the distance h x is equal to the interval between the 
j)oints of two teeth, an interval which, if not already known, 
must bo first determined. 

Through the point a, taken as the centre of rotation of the 
axis of the verge, draw the line p g, perpendicular to a b, and 
sot out the angle oay, equal to 3® (half the supplementary 
arc) ; then the angle c A v, equal to 3® + 8® or 11®. The entire 
angle o a C is therefore 14®. 



H 

Pig- 11. 

Now, by means of a scale moving parallel to the line f g, 
determine the point along the line a c, at which o y is equal to 
X c. The point c thus fixed upon will be the extremity of the 
pallet a c, and will indicate the position it occupies at the end of 
the lift ; that is, when the tooth is just on the point of escaping. 

The line e d drawn through c, perpendicular to a b, fixes 
the plane in which the teeth of the wheel rotate. 


3 
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From the point a as a centre, and with the distance A C, 
describe an arc of a circle in order to ascertain the length of 
the other pallet. As to the position of the tooth which is caused 
to recoil immediately on the commencement of the supple- 
mentary arc, it is determined by the intersection of the lines 
A 0 and E D. 

The Opening. 

165 » — Figure 11 represents a verge with an opening of 
14°. It shows that the motive force acts on the tooth o, in the 
direction e d, and the recoil acts in the direction h that, 
therefore, the force causing the wheel to go backwards acts 
nearly perpendicular to the line of centres a b in whicli the 
axis of the wheel lies. The action takes place in opposition to 
the motion of the wheel, so that it travels a few degrees back- 
wards. This recoil occasions no difficulty, since the play in 
the depths is sufficient to prevent its being seriously resisted on 
the part of the wheel. Moreover, the point o is so close to the 
line of centres a b, that the pressure on the pivots is reduced 
to a minimum, and the action of the tooth on the pallet is 
not resisted by any considerable friction ; hence, in such clock 
escapements as have a moderate opening, very little wear of 
the surface of the pallets occurs where this recoil takes place. 

In ascertaining the direction of the forces during the lift, 
we observe that the line k l (fig. 11) is much moi*e inclined 
than n i to the line d e, along which the motive force acts, and 
that the point of the tooth acts much farther from the line of 
centres. But since the friction during lift is less intense than 
that during recoil (the first being disengaging and the second 
engaging friction), the escapement is, notwithstanding these 
facts, well adapted to resist wear. 

As an example of this form of escapement, we may quote 
that found in Comt4 clocks. It wears much less rapidly than 
in a watch, and will continue in action maintaining a fairly 
uniform rate of time-keeping for five or six years or even longer. 

Let us now consider the right-hand diagram in fig. 12, 
where the opening of the verge is as much as 115”, and the 
directions of the several forces are indicated by d e, h «, k l 
(the same letters being used as in the former case); it will 
be observed that, as we increase the angle of the pallets, the 
angles which h i and k l make with the line of centres a b 
become more and more acute. From this it follows that the 
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force acts more obliquely, and the resistance tends to act in the 
<lirection of the axis of the wheel ; a very unfortunate circum- 
stance, for an increased proportion of the impelling force has to 
be resisted by the point of a pivot resting against a rigid plate. 
The wheel, held between the point of a tooth and its lower 
pivot, acts as if it were an inflexible rod pressed at its two ends. 
The pressure on the axes is very great, as is also the extent to 
which the force is resolved; the motive power is partially 
paralysed, and, owing to the inertia of the balance, the opposing 
forces produce such an amount of friction that the pallets, 
however hardened, are unable to resist its action. 




We thus see, as M. Wagner has pointed out, ‘’that the 
vertical escapement is all the more capable of giving accurate 
results as the oscillations are shorter.” And, since the arc 
described by the balance and the opening of the verge are 
correlated, we may add : a watch escapement will be the more 
lasting if the angle of the pallets is no greater than that 
found to be absolutely necessary and justified by experiment. 

As will be shown in the sequel, it has been fixed at 100®. 


The 1.1ft. 

156 . — It has been already mentioned that the extent to 
which the pallets are planted in the teeth of the balance wheel 
is not a matter of indifference; it depends on the angle of these 
pallets. The same may be said with regard to the distance 
between the points of the teeth and the axis of the verge : it 
must be diminished as we increase the opening of the pallets. 
With an angle of 40® (fig. 13) the pitch will be from one- 
seventh to one-sixth of the width of the pallet measmed from 
its edge. The space between the teeth and the body of 
the verge will be rather more than the distance apart of the 
points of two successive teeth. 
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Assuming the opening to be 100”, the pitching will be- 
about two-thirds of the width of the pallet. The interval 
between the points of the teeth and the verge axis will be from 
one-fourth to one-sixth of the distance apart of two teeth 
(fig. 12). 

Finally, with an angle of 115“ the pitching will be 
from six-sevenths to five-sixths, and, in practice, this is 
expressed by saying that the wheel falls just against the 
body of the verge. In this case the distance of the points of 
the teeth from the axis of the balance is about one-tenth of the 
interval between two teeth. 

The above figures, although only approximate, are quite 
sufiicient. Exact figures would be useless, and could not be 
accurately adhered to in the escapement we are now considering. 

157. — These remarks on the amount of pitch are 
equally applicable, if we reverse the ratios, in discussing the 
width of the pallets, which should vary inversely with their 
opening. (See figs. 11, 12, and 13, in which the interval 
between the teeth is constant.) The greater the angle, the less 
the width of the pallets ; thus the wheel acts on a shorter and 
shorter arm, the impulse communicated to the balance varying 
with the length of this arm and the period during which 
the motive force acts on it. 

It therefore becomes evident that some relation must exist 
between the motive force, the length of arm above referred to, 
and the weight and diameter of the balance ; but a problem of 
this complexity is beyond the range of calculation, and must 
be decided, for the present, by experience. The best 
horologists have determined upon about two-thirds of the width 
of the pallet as the extreme limit of pitch permissible in an 
ordinary watch, and, it may be observed, this amount is exactly 
that which corresponds to an opening of 100“. 

The Supplementary Arc. 

158 . — Every watchmaker is aware that in the case of 
most of the escapements met with in practice, it may be laid 
down as a general rule, that the watch maintains its going 
better according as the supplementary arc is greater in com- 
parison with the lifting arc (95). 

With a lifting angle of 40“ we obtain, as a rule, from a 
verge escapement a total vibration of nearly 180“. If the lift 
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"be increased beyond 40® to, say, 50®, tilie entire oscillation is 
Tiot increased in the ratio of 40 to 50, so as to give an arc of 
225® (nearly three-quarters of a complete rotation), as this 
proportion would indicate ; the sole effect is that the vibrations 
are characterized by taking place rapidly and irregularly. This 
comparative decrease in the supplementary arc when the entire 



Fig. 13. 

■oscillation exceeds ISO®, to which, to the best of our knowledge, 
attention has never before been dix’ected, is explicable if it bo 
remembered tliatr (1) the resistance owing to recoil is cimsider- 
ably increased ; (2) the lever arm is shortened, thus causing less 
force to be applied to the balance by the wheel; and (3) tlic edge 
of the pallet rubs against the face of the tooth, so reducing 
the supplementary arc. This banking occurs towards the 
end of the oscillation when it is only 170 ’, and becomes the 
more serious as this amount is exceeded. The resistance occa- 
sioned by the banlung is such that, in a watch liable to 
rough wear, it causes the larger oscillations to be more rapid 
than the small ones, a circumstance with which all watchmakers 
are acquainted. 

The conclusion we arrive at is, that whenever the 
amount of lift exceeds that necessary to produce a balance 
vibration of the requisite amplitude, rapid destruction and 
irregularity cannot fail to occur in the mechanism. Since long 
'experience has demonstrated 40® of lift to be amply sufficient in 
watches, it will be well to adhere to this number, especially as 
it has, besides, the advantage of securing the greatest relative 
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amount of additional arc ^ but, as it has been shown that the- 
amount of lift and of opening are mutually dependent, it 
follows that the best opening is that which secures a lift of 40“,. 
that is an angle of 100“. 

Reeoil. 

159. — The period of recoil amounts to one-half of the entire 
additional arc. In the escapement of an ordinary clock, with 
a complete oscillation of about 20“, the recoil will occupy G“, 
wliile in a watch with a vibration of 180“, the recoil occupies 
70“. But these two numbers only exjJress the relative extent of 
the recoil in the two cases, and cannot be taken as proportional 
to its intensity ; for, on such a supposition, the disproportion 
between the two examples would be all the more marked. This 
fact will be easily imderstood if we remember that, as has 
already been pointed out (155), the tlnnst of the balance, the 
cause of recoil, approximates towards a direction parallel to 
the axis of the wheel as the angle of the pallets is increased. 
Hence it is evident that rules which apply in the case of a clock 
escapement, must be very considerably modified when we come 
to apply them to a watch. 

Bankings, which arc in great part avoided by increasing 
the opening, are less objectionable than recoil. 

The recoil is the grand defect of the vertical escapement 
as arranged in a watch, and this conclusion has been arrived at 
by nearly every practical man, even Duchemin himself having 
ultimately recognized it. (See VArt de conduire les jienduks, 
etc., by M. Robert, page 248.) 

Besides interfering with the due performance of the 
supplementary arc, the friction, occurring as it does at two 
distinct periods of the vibration, in nearly every case causes 
the pallets to wear, and occasionally these are cut tlirough if 
the watch has been long enough in action. It is always at the 
point corresponding to the commencement of recoil that the 
wear of the pallet first occurs, and this is very conspicuous 
through an eye-glass or even to the naked eye. As soon as a. 
pallet is at all worn, the points of the teeth become distorted, 
the steel wears rapidly over all its rubbing surface, and the 
variations in time-keeping are more and more marked. The 
energy of the recoil is, moreover, indicated by the rapid 
enlargement of the pivot-holes, and frequently by the wear o£ 
the pivots themselves. 
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All attempts to render more lasting the several parts of 
this escapement, such as a gold wheel, a hardened steel wheel 
working with a small quantity of oil on the points, ruby pivot- 
holes, etc., have utterly failed, from the simple reason that none 
of them get rid of recoil, the radical defect of the escapement. 

It follows from what has been said that, since the extent 
and harshness of the recoil increase with the angle of the pallets, 
it is advisable to adopt as small an opening as possible if wo 
would reduce the sources of wear and irregularity which, in any 
case, will show themselves soon enough. As has been already 
seen, there are many good reasons for not exceeding, or, if at 
all, by very little, 100' for this opening of the pallets. 

Inclination of the Teeth of the Wheel. 

160 . — The inclination of the teeth of the wheel must 
clearly bo as great as possible in order to prevent the pallet 
striking against their faces. Modern horologists make it So”; 
but this seems to bo a mistake, for, since it is necessary to 
cut away a considerable portion of the back of the tooth in 
order to avoid catching, a thin elongated tooth will be produced 
with so little rigidity that great difficulty will be experienced 
in securing and maintaining trueness in the wheel. 

The left-hand diagram of fig. 12, page 67, in which the 
several parts are ropz'cscnted to scale, does not require 
explanation. 

It will bo well not to exceed 30”. This amount of in- 
clination allows of the teeth being sufficiently rigid, and does 
not rcquii’e, to nearly the same extent as 35”, an amount of 
care and delicacy which it would be ridiculous to expect of 
the watch-jobbers who have to do with tliis second-rate class 
of watch. It must, nevertheless, be confessed, that the only 
objections to an inclination of 35” are the difficulty of cutting 
the teeth and of maintaining the wheel true. 

RECAPITUIiATION. 

161. — It is shown in the preceding articles that the 
opening of the pallets and their pitch with the teeth, the 
lift, supplementary arc, entire vibration, the amoimt of recoil, 
etc., are all mutually related, and not one can be treated inde- 
pendently ; it only remains, after choosing a definite basis, to 
fix the relative proportions of the several parts. 

Now as soon as it has been shown that if a total vibration 
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of 180® is exceeded, the rate of wear of the working surfaces, 
as well as the causes of irregularity in going, increase rapidly 
( 158 ), we at once have an exact datum to guide us in the 
construction of the escapement. That is to say, the motive 
force, weight of balance, lift, friction, etc., are all secondary 
to this arc of vibration, and must be so co-ordinated as to 
produce it under the best possible mechanical conditions. 

And, in conclusion, it must be borne in mind that we have 
already shown the adoption of 100® for the angle of the pallets 
to secure, in addition to an amount of lift of about 40® : (1) an 
entire vibration of sufficient extent (for it may bo as much as 
180®) which will be completed with much greater freedom than 
if more extended ; (2) the most free and, at the same time, the 
greatest additional arc it is possible to have in comparison 
vuth a given lift; and (3) an overlapping of two-thirds the 
width of the pallet, which gives neither so much leverage as 
that the balance loses all control over the wheel, nor so little 
as to occasion a setting, an infallible sign that the motive force 
impelling the pallet is insufficient. All these well-known facts, 
proved both by theory and experience (see the works of Le 
Roy, Sully, Berthoud, Jodin,Lepaute, Tavan, Perron, Duchemia, 
etc., etc.), are amply sufficient to demonstrate that avo must in 
no case exceed 100®, and when it is remembered that three or 
fom’ extra degi’ees will cause not only the pitch, but also the 
energy of recoil (already so considerable and prejudicial at 
100°) to increase in a rajAid ratio, it is surprising that the amount 
of opening should still be considered open to discussion ; and one 
is astonished at the oft repetition of such a proposal as to 
employ a lift of 50° to produce a total oscillation of 170®, when 
the expei’ience of over a century has proved such an oscillation 
to be easily obtainable with a lift of about 35®. 

It should not be forgotten that the extent of oscillation is 
a consequence of the greater or less freedom of the train, the 
accurate adjustment of the contrate wheel depth, the weight 
of the balance, the imiform action of the balance-spring, and 
of the several frictions in the escapement. 

We have as yet made no reference to the drop, or to the 
exact width of the pallets, but they will be discussed further 
on. It should be observed, however, that Duchemin gives only 
one width for the pallets, and yet it certainly must vary con- 
siderably if the opening is increased from 100® to 115®. 
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Table showing the several dimensions of the Escapement in Verge 


Watches of the present Day. 

163* Openinff of the pallets 100® 

Total lifting arc 40® 

Inclination of the teeth to the axis of the wheel 30® 

Maximum complete oscillation 180® 

Oscillation possible without orerbanking 220® 


Width of the pallets (measured from the centre of the axis), a little 
more than half the distance between the points of two successire 
teeth, or approximately : 

With a wheel of 11 teeth ^th (bare) of its diameter. 

»> j> 13 vth ,, ,, 

tf i» 15 „ Tjtb I, 

The proportions should be finally adjusted after the lift and 
drop have been verified with all the jjarts in i^o^^ition. 

If it be required to slightly reduce the angle of the pallets, 
we must somewhat increase their width, decrease the extent of 
lift and of the complete oscillation, and make the size and 
weight of the balance greater, taking care that these changes 
arc in due proportion. 

The teeth should be so cut away bolrind as to avoid any 
catching of the edge of the pallet on them, 

103 . — In CoMTii Clocks; 

Tlic lifting arc is about 2” or 3'’ on either side. 

The supplementary arc is a few degrees greater ; so that 
the complete oscillation is between 10*’ and 10". — The angle of 
the pallets is between 50" and CO" ( 930 ). 

These pallets are at times flat and of the same thickness as 
the body of the verge, whence it arises that the angle formed 
at the axis is somewhat less than the actual angle of the pallets. 
As to those in which the face is concave, they act very nearly 
as though it were a idanc passing through the axis of rotation. 

As these escapements have a more open angle, and narrower 
pallets than are theoretically coiTCct, a very considerable 
amount of friction is occasioned. The choice of such propor- 
tions by tbo manufacturers, however, is due to the fact that, 
when so disposed, the escapement requires a less weight on the 
pendulum, less accurate adjustment in the workings, and admits 
of greater supplementary arcs, than if constructed in the manner 
which theory would indicate to be the best. 

We have already treated the verge escapement in a 
sufficiently exhaustive manner and, prior to it, the question of 
friction, to render useless any fuiiher particulars. 
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PRACTICAli DBTAttS 
Bearing on the conditiong above laid down. 

164 .— Nearly, if not quite, all the best practical horologists 
are agreed on this point, that 40" of lift is amply sufficient, 
and that the only effect of exceeding this is to introduce fresh 
causes of wear and irregularity. 

In watch factories, where during a long period experi 
ments were made on the subject of this angle, 100” has been 
fixed for forty years past as a maximum opening. 

When the balance of a watch has what is called a falling 
off in the crossings, it is generally sufficient, providing the pallets 
are wide enough, to slightly close the verge opening in the flame 
of a lamp, in the manner well known to watch- jobbers, by which a 
greater liveliness in the motion and a more uniform timing will 
be secured, if the balance be not too light. 

If a competent watchmaker be asked what is the chief 
characteristic of too great an opening, he will unhesitatingly 
reply that, in the absence of any other means, ho would detect 
it by the balance vibrating to its full extent so long as the 
oil is fresh and the rubbing surfaces retain their initial state of 
perfect polish, but falling off in the crossings after going for 
a few weeks and constantly varying after that. Now what ho 
regards as a too open verge is one of which the angle exceeds 
100”, as we have repeatedly proved to bo the case, and hence 
arises that expression commonly employed in the trade: the 
verge must he opened rather more than a right angle. 

Old watches were capable of maintaining their rate for 
about three years. Modern ones, while favourably constructed 
as regards thickness, go with difficulty for eighteen months or 
two years, and at the end of this period their pallets are nearly 
always much worn. Such watches usually go very well during the 
first few months, and very badly during the remaining period. 

Finally, all these facts, so crucial and so well known, 
are confirmed by the unmistakoable evidence of English 
watches. The English system is utterly different from that 
practised by us ; the pallets are less open, the balance is heavier, 
and the complete vibration loss, all objectionable features in 
the eyes of those who recommend the large opening. And yet 
such an escapement gives a rate equal to that of recently 
cleaned French watches with widely open verges, but with this 
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important difference: that those of our manufacture soon go 
in’egularly and become worn, while the English timekeepers 
maintain their rate for years, and even then their rubbing 
surfaces are only slightly worn, if at all. 

One proof, and that unanswerable, of the superiority of 
this latter class of escapements is the excellence of their rate of 
timekeeping, that is, within the limits which are reasonable for 
such an escapement, with jewelled holes for the balance pivots, 
an improvement not yet introduced into French watches. 

The English have shown their discretion; they have 
endeavoured to diminish the combined effects of recoil and the 
banking of the pallet, and have been successful, while wc 
have all the time been tending in the reverse direction. 

Too Small— Too Great Opening, 

165. — When the verge is too much closed, banking occurs, 
though the oscillation be very short. If the pallets have great 
width, the tooth acts on a lever which is too long ; its action on 
the balance is proportionately excessive, and this latter, losing its 
control over the motive force, is affected by its want of uniformity. 

When the opening of the verge is great, the wheel is 
set very near to the body of the verge. The lever on which 
the teeth act becomes so short and so much inclined to the 
direction in which the force is applied that, during the greater 
part of its action, the impulse is insufficient to overcome the 
resistance occasioned by the inertia of the balance and the 
thickening of the oil ; the consequence is that the escapement 
sets, even with a light balance. 

166. — Besides this, a reduction in the width of the 
pallets renders the friction more variable, because 

the play of the pivots and consequent increase of 
the pivot-holes becomes greater. Let there be two 
verge pallets and let each bo reduced by the same 
amount, a b (fig. 14) ; it is evident that, since the fric- 
tion has been transferred from A to b, it will, with 
the short lever, vary in the proportion of two to one, 
and in the second case only to the extent of one-fifth. 

In general, when the angle of the pallets is not sufficiently 
large the vibrations are short and rapid, and in the converse 
case they soon become sluggish ; either circumstance has the? 
effect of making the watch vary in its rate. 
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The above essentially practical results arc indeed apparent 
to the eye of an observer when the opening of the pallets is 
below 95% or above 100». If it be remembered that the 
intensify of the friction during recoil and the pressure of tho 
edge of the pallet against tho faces of the teeth become more 
severe as this latter amount is exceeded, and also 1>caring in 
mind that when the opening is considerable tho adjustment of 
the escapement demands an amount of care and dcdicacy quite 
incompatible with the cheapness of the class of watcli to wliich 
it is applied, it must be admitted tlmt it should in no case 
exceed 100''. To attempt to force workmen to devote such 
care to tlio verge escapement as is requisite in the case of tho 
higher class of escapements, is an error we will only indicate, 
it is not worth refuting. 


CHAPTER III. 

SIAXIPULiATIVE UETAILS OF €0\STi:i’CTI0\. 

The Verge. 

167 . — The verge, made of steel of the very best quality, 
should be carefully hardened, its pivots being tcmj^cred to a 
blue or rather violet tint, but its pallets only to a yellow, and 
the whole should be perfectly polished. Every watchmaker 
is aware that a verge is straightened by striking with tlie sharp 
end of a hammer head on the concave side of the body, while 
the convex side is supported in a horizontal position, and that 
it is as well not to attempt to remove the marks left by the 
hammer. In soldering on the collet, care is necessary to avoid 
over-heating of the steel, as this renders it rotten, brittle, and 
much more liable to wear at the points of contact with the wheel. 

The verge pallets should be cut down to the middle of tho 
body. Berthoud cut them down rather less than this in order 
to diminish the drop; but such a practice is inconvenient in 
several ways ; the increased recoil accompanied by a too short 
drop frequently causes stoppage ; moreover, as the angle of tho 
pallets appears somewhat greater than it is in reality, there is 
some difficulty in determining whether it is properly adjusted. 

With a verge in which the pallets are cut down beyond 
the centre of the axis, the drop becomes considerable. As a 
general rule the watch soon falls off in its rate ( 170 .) 
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The authors quoted above do not recommend precisely tho 
same dimensions for the pallets, but this is unimportant. It is 
best to make their width rather more than half the distance 
between the points of two successive teeth (162); and they can 
be carefully reduced until the lift and drop are properly adjusted. 

The width is measured from the edge of tho pallet to 
tho middle of the body, and it is always in this sense that 
we have referred to the width of the pallets. It will be seen 
from this explanation that if the entire width of u pallet be 
measured it will be necessary to deduct from it half the thick- 
ness of the verge body in order to ascertain the true width of 
the pallet measured from the centre of rotation ; and this is the 
only exact measure, since the total width varies with tho 
thickness of the body. 

Tho curvature of the outer edge of the pallet should bo 
concentric with tho axis, as though it were a radial slice cut 
out of a cylindrical rod. Sucli an arrangement has this 
advantage : tlio width of the pallets will not be reduced when 
it is necessary to re-polish them. 

168. — The pallets must be highly polished ; but care should 
bo taken that the rouge on tho zinc or copper polisher be not too 
dry, and it is well to complete the process with a soft piece of 
wood charged with tho finest qualit}^ of rouge employed. 

Some workmen use nothing but oilstone dust and iron for 
narrowing the pallets, which should bo of absolutely equal 
width; this operation should always be completed witli rouge, 
and the edges should be carefully rounded, for the use of oilstone 
powder leaves a kind of wire edge which is very detrimental 
both to the teeth of the balance wheel and the pallets themselves. 

Soap and water is a good and convenient method of 
cleaning a verge, and is the one practised by tho best workmen. 

Verges with ruby pallets.— Verges cut beyond the centre. 

169. — Watchmakers who think they have introduced a 
novel improvement by constructing the verge pallets of ruby 
are frequently met with, more especially in the provinces. 
They eagerly announce their discovery w-ith a great flourish oi 
trumpets, but after a few months nothing more is heard of it. 

Some watches pi’ovided with ruby pallets have been Imown 
to go fairly well ; and the marine chronometers by Harrison 
and Larcum-Kendal may be referred to as instances. But their 
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success depends on the correct solution of a problem in friction, 
and this question, though it appears simple at first sight, is 
extremely complex and would require for its consideration all 
the resources of modem science ; in other words it is out of the 
power of watchmakers of the present day, except perhaps some 
half-dozen ; and, as to science, it has more important work to 
do than to devote its attention to the verge escapement ( 177 ). 

170 . — When the verge is cut short of the centre or 
beyond it, it is quite possible to regulate the watch. We only 
need find out a certain relation and fix it. When the opening 
is beyond the centre, however, this relation is maintained with 
the more difficultj’', the angle of the pallets is not so exactly 
deteraiined, and as soon as the verge wears it becomes useless. 
We do not dwell upon these novelties, often attempted and as 
often abandoned. 

Tbe Balance Wbecl. 

171 . — The balance wheel, formed of perfectly hard brass, 
should, as abeady shown, have as great a diameter as possible. 
The teeth must be of a good average thickness, so that the 
surface, slightly rounded at the edge which acts on the pallets, 
may be, if anything, somewhat thick 

When the tooth is thin the force communicated is the same 
as with a thick tooth, but since it is distributed over a less 
surface, it acts with greater energy at each point. The rough- 
nesses of each metal are forced more deej)ly into the other, and 
the pallet is cut more rapidly, the friction continually increasing. 

The same reasoning applies to pivots, which are subjected 
to excessive friction and wear badly when •working in short 
metal or jewel holes, and to the destruction of a knife-edge 
suspension. Since the knife-edge never bears accurately through- 
out its entire length, there is only a series of small surfaces in 
contact at any instant, and they rapidly become dull. 

A balance wheel must have an odd number of teeth, so 
that while a tooth is acting on one pallet the other pallet may 
alwa3’'s be in a gap. 

An experimentalist (Perron) made, more than half a cen- 
•tuiy ago, trials with balance wheels in steel and gold. These 
latter caused the verge pallets to wear, but those of steel gave 
good results when oil was applied to the pallets. 

It is difficult to cut a brass wheel perfectly time unless 
only a small quantity is removed at a time, a thoroughly good 
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circular file or cutter being employed, and the formation of the 
teeth being accomplished by oft repeated operations; as the metal 
yields irregularly under the pressure of the cutter, the wheel is 
always found to be distorted when the ring of teeth is complete. 

Care must be taken in the dressing of the wheel as well as 
in the removal of the burr from the points of the teeth and the 
equalizing of them. A wheel which docs not turn true, or is 
unevenly divided, or turns out of flat, occasions a waste of 
part of the lift, drops of unequal extent, and, in short, renders 
the timing of the watch utterly impossible. 

173. — It is a good practice to slightly corrode the teeth 
with nitric acid, as explained in the article on Wear of the 
Pallets (Chapter IV). But after this operation some watch- 
makers clean the wheel by brushing it lightly with rottenstone, 
burnt hartshorn, or fine charcoal, for just such a period as suffices 
for the cleansing of the piece. 

Satisfactory results are obtained by employing a tin polisher 
and soft water of Ayr stone mixed with oil for removing from 
the teeth the streaks left by the cutter; they are then finished by 
a piece of soft wood with fine charcoal and oil followed by a brush 
dipped in similar charcoal. The use of a burnisher, which in any 
case must be very clean and highly polished, does more harm 
than good if the wheel has not been previously treated with acid 
or perfectly lapped, and at times it only serves to press the foreign 
bodies resting on the sinfacc of the tooth into its substance. 

These latter details will bo supplemented by various prac- 
tical directions in the following chapter. 

To make a Balance Wheel True. 

173. — All the tools employed for making a balance wheel 
true arc sold by the w'atch-tool and material dealers ; but 
although the price is considerable the operation performed 
by their means is very tedious, and the result is not always 
satisfactory. In place of them we may with advantage adopt 
the following method of M. Noriet, of Tours, a method which 
has been practised successfully for over twenty-five years by 
M. Brisbart, of Paris, and by the many pupils of that excellent 
teacher. 

The burr having been carefully removed fi’om the teeth, 
the wheel is placed in position, the escapement carefully 
adjusted (without play), and the dovetail is then caused to 
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traverse a very short space. The movement given should bo 
no more than is necessary to cause some teeth to catch on the 
nose of the potence. 

This catching may be produced by a pressure of the finger, 
and a slight play should be given to the wheel in the direction 
of its axis, so that the tooth may pass the pallet during its recoil. 

The dovetail having been thus placed so that some of the 
teeth can only be caused to pass by applying jwessure, and the 
plate being held in the left hand (one finger of wliich imparts 
motion to the wheel), as soon as a tooth catches the two follow- 
ing teeth must be impelled past the pallet ; the catching tooth is 
thus made accessible, and it is easy, with a fine new rounding- 
up file, to reduce the inclined face of this tooth in such a manner 
as to prevent its catching. Tliis can be done without danger 
to the pivot, for the wheel is held by the finger which presses 
the shoulder of the pivot against the nose of the dovetail, and tlie 
action of the file tends to give a sort of recoil movement to the 
wheel rather than to strain its pivots. After a little practice, 
this operation will be found to be neither difficult nor dangerous. 

When a complete rotation of the wheel has been made, and 
the several teeth in which catching was detected have been 
adjusted, the dovetail is slightly moved again, the above opera- 
tion is repeated, and so on until all the teeth pass without drop 
on the dovetail, etc., etc. 

When the irregularities are very considerable, the methods 
described in Chapter IV. must be first resorted to. (Badly 
formed or irregular teeth.) 

Pivots and Pivot>bolcs. 

174. — If the body of the verge bo not thicker than is 
necessary for its duo solidity, the diameter of the pivots, which 
must be hard, cylindrical, and carefully polished, may be a 
quarter of the width of the pallets ; exiierienco has proved that 
this is the most convenient proportion for the diameter of the 
pivot to bear to the width of the pallet. The pivots should have 
a length equal to three times their diameter ; their ends must 
not be rounded but flat, the angles being slightly rounded off, 
in order that the total amount of frietion may be, as nearly as 
possible, equal in the vertical and horizontal positions, that is, 
in order to regulate for jjosition. 

The balance wheel pivots may have the same thickness as 
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those of the verge itself. They may be even finer without 
inconvenience ; but care should be taken to make them of suf- 
ficient length, at least twice their diameter, and more if possible. 

175. — The pivot-holes must be made in brass of good 
quality, and not too thin, otherwise they will cause the pivots 
to wear away. The reason of this has been already mentioned 
in article 171. 

The broach employed to finish off the holes should be 
gently rubbed with rouge in the direction of its length 
before use. This treatment removes slight blisters and renders 
its edges less cutting and less liable to leave small particles of 
steel adhering to the sides of the holes. They constitute a 
cause of wear which is but little noticed ; it is, however, proved 
to exist by the fact that if, after continued use, the cutting 
edges of small broaches are examined by means of a powerful 
lens, saw-like indentations are at once detected. 

After using the broach, the bole is polished by a fine 
point of peg-wood dipped in polishing rouge or in a paste of 
soft wood charcoal and oil. Some experienced watchmakers 
condemn the use of polishing rouge ; we, however, as well as 
many others, have found it to work well, but it is essential that 
the subsequent cleansing be performed with care. 

The pivot-hole in the cock which is traversed by the verge 
pivot must be of moderate dimensions, so that, in case a pivot 
breaks the train may be prevented from running down. 

The nose of the potence and the counter-potence must be 
rounded in a tallow-drop form from the side of tlieir end-plates, 
and there should be a slight interval between them in order 
that fresh oil may pass into the hole as that already there 
becomes dried up ( 91 j. 

Jewelled Pivot-holes. 

17C. — Jewelled pivot-holes are not so satisfactory as those of 
good brass ; they render a watch difficult to regulate and liable to 
sudden and unforeseen variations, and similar difficulties are in- 
curred when the escapement pivots are made of extreme fineness. 

As was the case with ruby pallets, the whole problem 
resolves itself into a question of friction ; for timing depends 
on the existence of a certain equilibrium between the power 
and the resistance — Alienee, if the necessary conditions are 
secured with steel and brass in contact, they will no longer be 
maintained if the brass be replaced by a substance A’hich is 

6 
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mucli harder and better polished and, as a consequence, less 
imprmed than this metal is under a given pressure. 

177. — The reduction of the resistance due to friction 
renders the escapement very sensitive, and it becomes necessary 
that the whole mechanism be much more carefully proportioned. 
Watchmakers who are accomplished men of science may be 
successful in this ; as to others, we can but express a hope that 
they will not engage in experiments which have objections 
greater than that of merely involving a waste of time. 

The hole in the dovetail is easily thrown out by stopping 
and causes rapid wear to the pivot ; a ruby hole would ensure 
the proper action of the escapement for a long period. The 
chances of its being beneficial will be gathered from the account 
subsequently given of some experiments made by a Paris 
watchmaker. 


The Balance. 

178. — ^Neither authors nor practical men have any definite 
geometrical rule for ascertaining the size and weight of a balance. 

This difficult and novel question will be discussed at con- 
siderable length in the sequel ; for the present we must merely 
give the reader the data arrived at by experience — data which, 
as will be seen, are at best exceedingly vague. 

Its diameter in the modem form of watch should be, 
according to an empirical rule, about the same as that of the 
barrel. Experience, at any rate, indicates that a theoretically 
perfect balance will approximate to such a size. 

As regards its weight, in watches as now constructed a 
balance which beats freely, without its balance-spring, less 
than 25 minutes an hour is too heavy and must be diminished ; 
■otherwise it would occasion setting, and a large amount of 
useless friction. One which beats more than 27 minutes is too 
light and therefore difficult to regulate ; it must be replaced. 

It must be observed that this operation, called in French 
iirer lea minutes., in English half-timing, must not be attempted 
until we are assured of the soundness of the depths, the freedom 
of all the moving parts, the play of the pivots, and the 
presence of a proper supply of oil, etc.; for even a slight 
variation in the freedom of the train will influence the relation 
of the motive power to the regulator, and, as a consequence, the 
vibration of the balance, which, although beating the required 
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number of minutes, will thus probably prove to be incapable of 
ensuring an accurate timing. 

Watches with a slow period of vibration require heavy 
balances and delicate balance-springs ; hence they are liable to 
banking when earned. It is advisable therefore that the balance 
should not make less than 16,000 vibrations, or more than 18,000. 

A balance must be in perfect equipoise ; its weight con- 
centrated at the circumference, and its arms and centre as far 
reduced as is consistent with solidity. 

170 . — If a balance beats a known number of minutes, say 20, 
we can calculate the extent to which its weight must be reduced 
in order that it may beat, say, 26 minutes. The following 
formula for solving such a problem is given by M. Henri Robert. 

Square the number of minutes required (26) and the 
number already obtained (20), then calculate the proportion as 
follows : the first square is to the second as the initial weight of 
the balance is to its final weight (x). The value thus obtained for 
fx) gives apj)roximately the weight of the balance which will beat 
26' per hour ( 1 . 316 ). 

The ltalance>Sprin;;. 

180 . — It may be taken as a general rule, admitting of but 
few exceptions, that the uniform and perfect expansion of a 
balance-spring, that is, the I'egularity in the work performed by 
the several elements of its length, is the best test of its regulating 
power. In the majority of timekeepers in ordinary use, success 
in timing is far more due to this property than to its being of 
any particular length. 

Without attempting hero to discuss a question which will 
be treated of in considerable detail subsequently (see the 
chapter on The Balance-spring), we would simply observe that 
the verge watches of the present day, having much longer 
balance-springs than those of older construction, are yet in no 
way superior in the matter of timing. So far as this spring is 
■concerned the reason of this shall be pointed out. 

It must not consist of too great a number of turns : the 
cpinion of the majority of practical men who have studied the 
subject, an opinion which is confirmed by our own personal 
experience, is that as a rule the verge escapement cannot bo 
regulated well when provided with such a spring. Now the 
greater the number of turns composing a spiral of a given 
<iiameter, the greater must be its length, and it will require so 
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much the more motion to bring all its coils into action. 
Moreover, in ordinary watches we rarely meet with a long^ 
balance-spring absolutely homogeneous in all its parts, and 
capable of coiling and uncoiling with perfect uniformity. In 
this escapement the arcs of vibration arc of moderate extent, 
and the internal coils as a rule do all the work, while the 
external ones are almost useless, and only help to render the 
positions of the working coils the more variable. Besides, during 
the longer arcs, or when a shake occurs in wear, the expansion 
of' the- spring is at times violently interrupted and the closely 
contiguous coils come in contact, especially if weak parts exist. 

As the length of the spring is increased, the inconveniences 
above alluded to, as well as those occasioned by changes of tem- 
perature, becoitie more appreciable. It is as well, therefore, 
to have about six or at most eight turns. This number should 
only be exceeded when it is impossible to find, within the 
limits here given, springs which expand uniformly. 

The flat balance-springs of ordinary watches are not adapted 
for producing isochronal movement ; and it will, moreover, bo 
evident that isochronism would be ;isclcss in the verge escaj)e- 
ment where the action of the spring is very constrained. 

It would be an advantage if the spring could be slightly 
thicker towards the centre than in the outer coils, in order that 
with the slightest motion of the balance it might vibrate through- 
out its entire length ; at the same time its impelling force must 
be the same throughout, since it is impossil)lc that it should 
progress uniformly; for it will be obvious that if some coils 
are weak and some are strong, the former only will vibrate, the 
latter merely expanding to a very slight extent. 

The diameter of the spring depends upon the radius of the 
balance. The stud is placed at a distance equal to half this 
radius from the centre of the cock. 

The spring must be perfectly round and flat, and accurately 
centred on the verge. It should be firmly hold both in the 
collet and stud. Finally, extreme care is required in the 
selection and attaching of a balance-spring; it is of the highest 
importance to the going of the watch. 

To mark the lilfting P4»iiit9.— To fix the Banking Pin. — 

The Brop. 

181. — It has been already seen that when the angle of the 
pallets is 100® the entire lift should occupy 40®. Should it vary 
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sensibly from this amoont, there will be too much drop if it is 
deficient, and in the converse case the drop will be too short 
and the balance will overbank. Hence the banking of the pallet 
against the face of the teeth will occm’ more frequently. 

With too great a drop, motive power is wasted, the wear 
of the pallet is more rapid, and the timing is at fault (46). 

Too short a drop renders the escapement liable to catch 
when the teeth of the balance wheel are at all worn, or when 
particles of matter adhere to the pallets or the points of the teeth. 
Besides which, there is much greater danger of the edge of the 
pallet catching against the back of the tooth. 

182. — The following is the best method for marking the 

LIFTING POINTS AND FIXING THE BANKING PIN. 

When the balance wheel axis is accurately in a line with 
the body of the verge, a mark is made on the cock, exactly ove. 
the middle of the curb-pin slide; then, with a pinion gauge, 
one-third of the diameter of the balance is measured oif and 
marked in front of the cock, where the two spots corresponding 
to the points of the gauge will indicate the extent of lift. Tlie 
mark made in the first instance on the cock should be exactly 
midway between these two points. (The ratio of the diameter 
of a circle to its circumference being as 1 is to 3 Til 6, one-third 
of the diameter will correspond to rather less than 40® measured 
along the circumference.) Greater accuracy will be attained by 
employing the grammaire (see 507 and plate V, fig. 1). 

The balance is now checked by a piece of paper, and the 
lifting action caused to take place on one side. Immediately on 
the tooth dropping, a mark is made with rouge on the edge of 
the balance immediately below the mark at the middle of the 
cock ; the balance is then moved in the reverse direction, and 
from the second drop another mark is obtained. Midway be- 
tween these is the point at which the banking pin should bo 
fixed. 

To Cut tlio Cock ItaiikiiiKS. 

183. — To cut the bankings, the balance is so set that a tooth 
rests on the edge of the pallet and is just prevented from 
escaping. A mark is made on the rim of the balance opposite 
to that on the cock and, when the balance has been removed, 
the distance between the mark so made and the banking pin 
is determined by means of a pinion gauge ; if one of. its points 
be now set on the plate immediately below the central mark on 


86 


VERGE ESCAPEMENT. 


the cock, the other point will indicate the spot at which the 
cock banking should be cut on one side. 

Proceed in precisely the same manner to determine it on 
the other side. 

It would be useless to give, in addition to the above, the 
various methods employed by watch-jobbers in ascertaining the 
lift and banking, for an intelligent workman can always find 
out for himself the most expeditious means. 

Effects consequent on Great Variations in the Motive Force. 

184. — If the motive power of a verge watch be increased, 
the arc of oscillation is greater, and it gains ; with a less force it 
loses, notwithstanding the fact that the arcs are reduced, 
because the balance is freer and moves less briskly. 

Some watchmakers have attempted to apply this cir- 
cumstance to procuring a kind of isochronism in the oscillations. 
They should, however, have remembered that the greater 
rapidity in the case of the long arcs is due to the banking 
of the pallet, and causes both wear and irregularity. 

As regards the relation which, according to Berthoud,. 
should exist between the recoil and lift in order to secure 
isochronism, it is useless to attempt its determination ; for, 
besides there being great difficulty in doing so, it would require 
the wheel to fall just within the body of the verge ; moreover, 
the wear of the holes would rapidly change the positions of the 
moving parts. 

To examine an Escapement. 

185. — It is impossible for a book to adequately replace 
the instruction given by a skilful practical man, and an intel- 
ligent workman can arrange a system of examination at once 
reliable and expeditious, but not until he has carefully studied 
the causes of stoppage. 

In our little work entitled The Waichmakeri Ilandhoolc, he 
will find various tools described for ascertaining the opening 
angle, closing or opening the pallets, measuring their width, 
trying the balance wheel, adjusting the fusee, weighing the 
balance-spring, etc., etc. 

We would here only point out that he must specially direct 
his attention to the exact division of the balance wheel and its 
perfect centring, the width and opening of the pallets, and 
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especial care is required in setting the two axes at right angles, 
as well as in securing perfect facility of recoil at the contrate 
wheel depth, etc. 


CHAPTER IV. 

CAUSES OF STOPPAGE AND TARIATION IN TDE 
VERGE ESCAPERENT. 

The Wear of the Pallets. 

The rapid wear which occurs at the surface of the pallets 
is one of the principal causes of the irregularities characterizing 
the verge escapement. As some watchmakers even now explain 
it on wrong principles, we will enumerate the circumstances 
generally accepted as giving rise to a destruction which is 
sufficient entirely to alter the action of the escapement. 

Supposed causes of wear. 

186. — Some authors attribute it to the fact that the pallets 
are struck successively by 11 or 13 teeth, and thus are subjected 
to more frequent impacts than these teeth themselves. They 
also argue that the perpetual percussion on one and the same 
point occasions a loss of polish and a pitting, while the point of 
the tooth wears without changing its form. 

If such an exjDlanation, which after all is not borne out on 
examination, were the right one, no verge could resist wear, but 
it is well known that they are occasionally met with in a 
remarkable state of preservation*. 

One cause of wear, on which practical men appear to be 
agreed at the present day, is the presence in the brass of foreign 
particles introduced into the metal when molten, or to a film of 
particles of steel on the faces of the teeth derived from the cutter or 
file used in forming them ; or lastly, to the minute imperceptible 
blisters concealing metallic oxides which, as is well known, 
always abound on the smiace of the metal composing the wheel. 

• When watchmakers are called upon to replace a Terge of which the pallets 
are found to bo in good condition, they are always extremely careful to simply clean 
the wheel without attempting any kind of polishing, etc.; for they rightly judge that, 
providing the pallets of the new verge are well made, they will, as a rule, resist wear 
for a considerable period. This is an additional proof that the wear of the pallets 
must be attributed to the bad quality of the brass, or to the careless construction of 
the wheel ; it is also to a great extent dependent on the depth of the contrate 
wheel, for the simple stopping of its pivot-holes sometimes suffices to cause a verge 
to wear which had satisfactorily resisted all destructive action. 
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The presence of oil on the pallets, causing dirt to 
accumulate and the points of the teeth to become sticky, 
excessive drop, teeth cut too thin, or a wheel of too small 
diameter, the verge burnt or insufficiently hardened, oxidation 
of the wheel, bad workmanship (such for instance as sharp 
angles, the omission of the requisite polishing and burnishing, 
etc.), careless cleaning, and lastly, the employment of second- 
rai,3 materials, are all causes which tend to increase the wear of 
the pallets. 

18?. — From experiments made under very favourable 
circumstances it appears that the existence of oil on the pallets 
is only a cause of wear in that it collects the dirt that finds its 
way into the watch and the small particles of metal which are 
removed from the points of the teeth by wear. 

It has been observed that in verges cut short of the centre, 
the wear of the pallets is most rapid. But since the drop is in 
such a case less and the recoil greater than in others, this fact 
tends to prove that recoil is one of the chief causes of wear. 

Had this fact been observed earlier, a bad contrate depth 
might, with reason, have been assumed to very frequently cause 
wear of the pallets, for it opposes a considerable resistance to 
recoil, and thus greatly increases the pressure on these pallets. 

Formerly verges resisted wear for a longer period. 

188. — Every watchmaker has observed how much more 
rapidly modem verges wear than those of older construction. 

One author, referring to this subject, leaves the reader in 
doubt as to whether it is likely to arise from the superior 
quality of the metal then employed, the difference in 
dimensions, or the greater height of the cases, which allowed 
of the axes and verges being long and thin, so as to be slightly 
elastic. Probably by this means the friction docs on the 
whole become less detrimental than when the axes are short 
and rigid. 

The above passage, when published in our First Edition, 
attracted the attention of an intelligent Paris watchmaker, M. A. 
Ferrier, and led him to make the following curious experiment. 
He took a watch in which the verge pallets wore away with 
great rapidity, and so arranged the escapement that the balance- 
holes could yield slightly on applying a definite pressure to them. 
The watch has since been in action for two years without 
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the wear of the pallets taking place. It must of cause be under- 
stood that no regard was taken to its timekeeping properties. 

Bearing in mind these facts the more rapid wear may be 
thus explained : 

1. Formerly the balance wheels and verges were not made 
in a factory or in large numbers, and very great care was de- 
voted to their construction ; the wheels being formed of well- 
hammered brass from an old kettle, which during the long 
period it had been in use had experienced varying degrees of 
heat, and thus been refined by a number of operations of the 
nature of j)ickling ; and the verges of the very best steel highly 
hardened and polished. This fact in itself would suffice to 
explain the superiority of the older productions over those of 
more modem date; for the system of piece-work being now 
adopted, the sole anxiety of the workman is to produce as much 
as possible. Thus it is that the wheels are nearly always formed 
of second-rate brass carelessly hammered, and for the same 
reason they are rarely divided with accuracy. As to the verges 
made on this system, the steel is often badly selected, and they 
are very frequently insufficiently hardened or burnt. 

2. The greater thickness in old watches rendered it pos- 
sible to employ a higher barrel, and to increase the diameter of 
the balance wheel. 

As the impulse was thus communicated to the pallets by a 
lever of greater length, the friction occasioned less wear. 

The mainspring was broad and thin, and so maintained its 
elasticity very constant, and one could therefore be selected of 
the exact strength required or nearly so. This cannot bo done 
in the case of modern springs as they are necessarily made 
narrow and thick, so that they have but little flexibility, and 
soon lose part of what they have. They must then be stronger 
in proportion than formerly. 

It should also be noted that with a thick watch, the verge 
may have a long axis and the oil Avill not ascend to the pallet. 

3. The older watches beat, as a rule, a less mimber of 
vibrations than modern ones, and the arc of vibration was 
shorter (Berthoud recommends that it bo three times the lifting 
arc). Latterly the number of oscillations and their extent have 
been increased, whereby the friction is magnified and the wear 
becomes more rapid, 

4. The greater opening in modern watches causes the face 
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of the pallet to act in a plane more perpendicular to the axis of 
the wheel, as has been already explained, and the friction be- 
coming greater occasions a more rapid wear of the pallets. 

Means recommended for preyenting wear. 

189. — In the first place the depth of the contrate wheel 
should be such as to facilitate the recoil as much as possible. 

The pallets should be very carefully polished and the 
precautions adopted which have been already enumerated in 
the article on the Verge. 

As regards the balance wheel, no sharp angles should be 
allowed to exist, the faces of the teeth should be rounded and 
even polished, and the wheel then pickled in acid. 

All the steel, as well as those parts of the wheel which 
it is desired to preserve from the action of the acid, must be 
coated with a thick layer of tallow, wax, or a soft paste formed 
of whiting and oil (care being taken not to place it accidentally 
on the points of the teeth). The wheel must be immersed 
for about ten seconds in nitric acid of the density 1‘16 (that 
is, contairdng about equal parts of acid and water) and then 
washed successively in pure water and alcohol. It is well 
to complete the cleaning with a brush charged with rotten- 
stone or charcoal and oil, in the manner already described 
in the article on the balance wheel. 

Some watchmakers plunge the wheel into the above 
mentioned acid several times, and withdraw it as soon as it has 
assumed a golden colour. Others place a drop of the acid on a 
sheet of glass, and invert the wheel in it, resting on the points 
of its teeth. The operation is completed as soon as the acid 
turns green, and the wheel must then be washed. A protecting 
coat should first be applied to the pivot. 

Or one of the following processes may be resorted to ; the 
pivot is protected by means of a small pellet of bread, and the 
points of the teeth are either held momentarily in the flame, 
or, after being first dipped in oil, they are made to rest on a 
blueing tray and heated until the oil volatilises, when the 
wheel is thrown into cold water. 

Lastly, the practice of slightly touching the points with a 
piece of pure wax, just before putting the watch together, is 
said to have a beneficial effect in preventing wear. 

It is frequently sufficient to carefully clean the surfaces in 
the manner explained in a previous paragraph (173). 
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When a cause of wear exists which cannot he mitigated by 
any of the above precautions, any watchmaker can, from the 
details already given, easily judge for himself as to the best 
course to pursue in the case under consideration. 

Setting of the Balance. 

190 . — A setting is generally due : 

1. To a want of freedom in the train, caused either by 
had depths, the thickening of oil, weakness of spring, unneces- 
sary friction, etc. 

2. To a balance which is too heavy, or checked in its 
motion by the pivot-hole being too small, the friction of the 
verge axis in the potence-hole, or against the edge of the dove- 
tail, or else to bent pivots, etc. 

3. To a balance-spring which is badly centred, or out of 
flat, and so prevents or constrains the motion of the balance. 

4. To the pallets and teeth being too deeply pitched. 

5. To a balance wheel having too much endshake, and 
consequently at times falling against the body of the verge. 

The causes which occasion stoppage in any particular 
instance must be carefully ascertained before any correction is 
applied, and the unjustifiable practice of diminishing the weight 
of the balance until the watch does not sot should never be 
resorted to. Those who make such a mistake seem to be 
unaware that the balance, becoming too light, will be very 
greatly influenced by variations of temperature, the shakes which 
necessarily occur in wear and the inequalities in the motive 
force *, that the watch can never be properly regulated, and 
that they are only adding one more fault to those which had 
already occasioned the stoppage. 

Other causes of Stoppage and of Irregularities in Timing. 

191 1 — A BAD FOURTH OR CONTRATE WHEEL DEPTH. This depth 
must be adjusted with the greatest possible care, as we shall 
subsequently explain. (See the Treatise on Depths ^ article 
1166 .) It alone causes at least half of the stoppages and 
irregularities which occur in verge watches. 

Want of adjustment between the fusee and mainspring. 
In the absence of a proper tool for adjusting the fusee, the only 
possible remedy is to change the spring until one is found cor- 
responding approximately with the fusee throughout its length.. 

A VERGE cut beyond THE CENTRE. It must bo replaced ( 170 ). 
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Incorrect opening op the pallets. Tlie angle must bo 
increased or diminished by means of a lamp, but without 
changing the temper of the pallets, by one of the methods known 
to every watch-jobber. (Tliey are given, and the necessary tools 
described in the WatcJimnkers' Handbook.) 

A verge with too narrow pallets. Tins fault, which is 
characterized by an excessive drop, may be neutralized by 
slightly increasing the verge opening, and causing the teeth to 
fall nearly up to the body of the verge. A safer plan would be 
to replace this latter, and so avoid all risk of the opening being 
too great. 

Catching of the teeth on the edge of the pallets, 
•especially if these are tiled too sharply. This fault occurs very 
frequently when the verge opening is considerable. The balance, 
steadied by a small piece of paper, should be turned round until 
the banking pin rests against the cock; then by moving the wheel 
backwards and forwards it is possible to ascertain whether there 
is sufficient play between the points of the teeth and the verge. 

The verge body not concentric with its pivots, /fhe 
wheel under these circumstances will engage more with one 
pallet than with the other, although from micrometer readings 
their width may appear to be identical. 

A verge which is not cylindrical and touches either 
THE side of the potence or pivot of the balance wheel. 

A BALANCE wheel WHICH IS NEITHER TRUE NOR ROUND. 
Such a fault detracts from the lift and causes the drops to be 
unequal. The wheel must be made true tooth by tooth, but 
the best way is to replace it. 

Badly formed or irregular teeth. The effect is the same 
-as in the last mentioned case. 

It is sometimes possible to partially nullify the above 
sources of irregularity by the following artifice. The balance 
wheel is set sufiiciently near to cause it to catch slightly. The 
teeth which pass with difficulty arc marked with rouge, and are 
subsequently bent in the required direction by a pair of strong 
polished tweezers. This operation requires considerable care 
.and must be continued until the requisite lift is obtained. 

Teeth which are too much ob.too little inclined. Teeth 
when not sufficiently inclined shodld be reduced on the face 
with a file which must not be allowed to touch the points. When 
the inclination is excessive, the fault cannot be satisfactorily 
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remedied, since it is impossible to remove enough from the 
back to avoid the catching of the pallets. It may be ■worth 
while attempting to bend the points slightly backwards. 

A WHEEL WHICH TOUCHES THE BALANCE COLLET, OR ET-Sf. 
ENGAGES TOO NEAR THE BASE OP THE LOWER PALLET. 

Overbanking is due to a badly placed banking pin, or to 
the comers of the cock being cut too deeply. When the 
balance wheel teeth are irregular or badly formed, overbanking 
may occur only with certain teeth. 

Catching occurs when the drop is too short, the teeth 
irregular, or their points too thick. 

The train not free. It sometimes happens that the 
wheels, especially the balance wheel, are found to be locked 
when the watch is put together. This circumstance is due to 
cockling of the top plate which, through being bent, does not 
rest evenly on the four pillars. 

Pin striking against the bankings. Wlien the edges of 
the cock are not sufficiently cut away, the banking pin in its 
wrong place, or the lift or motive force excessive, this fault 
may bo met with. 

The balance wheel axis not parallel, or the verge axis 
not perpendicular to the top-plate. This will cause a loss of 
lift, and the teeth will overlap) one pallet more than the other. 

A balance which is not polsed, or of incorrect weight, 
touches or rubs on the cock or against the stud, etc. 

An inferior balance-spring, or one badly fixed, or which 
presses against one of the curb pins, etc. 

A regulator slide working too easily, or getting out op 
place. 

A COLLET OR stud THAT IS LOOSE. 

A banking pin which comes into CONTACT WITH SOME PART, 
OR catches against the COCK. 

Pivots too short. When their extremities do not work 
against the endstones, so that the conical shoulders rub against 
the sinks. 

Lastly, to all these causes of stoppage or variation, must 
bo added bad depths ; such arc frequently met with, and they 
render the force impelling the escapement excessively variable. 
From Sully’s experiments it appears that an increase of one 
half in the motive force produced, in the watches of his day, a 
difference of six hours in every twenty-fom.' ( 181 ). 
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CHAPTER I. 

Preliminary. 

193 . — The Cylinder Escapement, one of the class of fric- 
tional dead-beat escapements, was invented by the famous 
English watchmaker, Graham, about the year 1720. It came 
into notice in France in 1724, and was at that time considered 
of but little value by some French watchmakers. This arose 
from a distrust of anything novel, and from the fact that most 
of the earlier experiments were unsatisfactory, owing to its 
principles not having been at that time accurately laid down. 
F. Berthoud, among others, attempted, but in vain, to demon- 
strate from theoretical considerations the superiority of the verge 
over the cylinder escapement and, in general, over all dead-beat 
escapements. He was opposed by Jodin, who in a small work 
oontaining much valuable matter, likewise of a theoretical nature, 
gave evidence of remarkable insight and a most careful study of 
this escapement, but who, although faultless in the greater part 
of his argument, did not throw much light on the details of 
construction of an appliance which was still only in its infancy. 

At the present day, after being the subject of such a series 
of ill-directed experiments as follow on every important dis- 
covery, the cylinder escapement is better understood, and it is 
more perfectly constructed in consequence of the introduction 
of special tools, which both facilitate its manufacture and 
increase its accuracy ; for the purposes of every-day life it now 
gives excellent results. 

Berthoud was the first to clearly lay down rules for the 
construction of this escapement; but his theory of dead-beat 
escapements in watches is generally admitted at the present day 
to be erroneous in many particulars. Nevertheless, credit is 
due to him for his work, and in reading it we must remember 
that at his time, owing to an opinion accepted without question 
amongst watchmakers, the escape-wheels of cylinder watches 
were formed of brass of considerable thickness, the oil was 
rapidly decomposed, and the teeth, in the case of light wheels, 
were liable to be strained by the touch of the workman, and 
wore away with far greater facility than does a steel wheel 
under the same pressure. The cylinder was usually thick and 
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heavy, and the balance light hut of considerable diameter. 
The pivots, as a rule thicker for a given sized cylinder than they 
axe at the present day, worked in brass holes which gradually 
became larger and so changed the relative positions of the 
working parts. It will be evident that under these circum- 
stances the cylinder watches of that period were sure to be 
characterized by excessive and very variable friction, and the 
irregularities, especially those due to changes of temperature, 
were much greater than occur in modem watches. 

If we observe that as a rule the arc of vibration of the 
balance was shorter than that now in vogue, that the number 
of vibrations formerly never exceeded 14,000 to 16,000 per 
hour, and at the present day is increased with advantage to 
about 18,000, and that the use of the fusee, then almost universal, 
had the triple objection of being useless, of involving a need- 
less increase in the motive force, and of causing, more especially 
when the oil was at all thick, a setting at the time of winding, 
it will be evident why this escapement gave rise to so great a 
diversity of opinion among watchmakers of the last century. 

Such a diversity of opinion is no longer justifiable at the 
present day, when we can study it confidently and with profit 
by the light of long and well directed practical experience, and 
with the science of machine-construction in a higlily advanced 
condition. 

Advantages of the Cylinder Escapement, 

193 .— As compared with the verge, the cylinder escape- 
ment offers the distinct advantages which are common to the 
majority of dead-beat escapements. 

The fourth wheel of the train being flat, ensures a much 
safer depth than in the case of a crown wheel, that fruitful 
cause of variation. 

The suppression of the fusee reduces the liability to 
disarrangement and, since less force is required in the prime 
mover, renders it possible to use a weaker mainspring, which 
will therefore be thinner and more elastic. 

Lastly, if sufficient care be devoted to its construction, this 
escapement will, notwithstanding the absence of the fusee, render 
a watch a far better timekeeper than can be secured with a 
verge movement. And this evidently shows that the cylinder 
escapement counteracts, with sufficient accuracy, irregularities 
■occasioned by the mainspring in the force transmitted through 
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the train. This correction, arising as it does from physical and 
mechanical causes to be considered later on, is mainly secure 
by properly proportioning the several parts of the escapement 
to each other. 

Its cost is moderate, its construction is not very difficult, and 
it can be applied to thin watches without diminishing its accuracy. 

When the escape-wheel and cylinder are formed of the 
best steel, thoroughly hardened and polished, the escapement 
will work well for a long period without wear of the rubbing 
surfaces. It will only require cleaning and the application of 
fresh oil from time to time, and, except in case of accident, will 
maintain its timekeeping properties. It is quite a mistake, 
howev'er, to class it, as some ignorant ■watchmakers do, with the 
escapements capable of very accurate timing. For even at its 
best, although excellent in ordinary watches, it is inferior 
to the duplex, lever, and clu’onometer escapements, where 
scientific accuracy is required. 

Inconvenience of tlie Cylinder Escapement. 

194. — The main objection to this escapement consists in the 
fact that rather frequent cleaning is necessary, because oil cannot 
be dispensed with and the friction during rest occurs at such a 
distance from the axis of rotation (on the internal and external 
surfaces of the cylinder) ; the thickening of the oil increases the 
friction which is already considerable. From this it follows 
that the motive force transmitted through the train becomes 
weaker as the resistance opposed to the escapement is increased, 
and the oscillations, being impeded, will gradually be made 
shorter and slower, and the watch will have a losing rate. 

This slight inconvenience, and the need of more frequent 
cleaning, are to a great extent compensated for by the superior 
timing of a cylinder over a verge watch. 

Denomination of the several parts of the Cylinder 
Dscapemeiit. 

PLATE I. FIGUEE 1. 

The Cylinder. 

195* — 1. Axis or arbor. 

2. Great or top plug. 

3 . Small or foot plug. 

4. Great Shell. 
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5. Small Shell. 

6. Plug Face. 

7. Great or Engaging Lip or Edge. 

8. Small or Disengaging Lip or Edge. 

9. Small opening or banking slot. 

10. Flat of the shell. 

11. Cylinder rest or half-shell. 

12. Cylinder column. 

The collet which carries the balance is attached to the 
great shell, as shown at s p (fig. 3, plate I.). The same figure 
gives a side view of the cylinder with the plugs inserted, and 
ready to receive the balance on g and the balance-spring collet 
on V. 


The Escape Wheel (fig. 15). 


196. — !• Flat of the tooth. 

2. Inclined plane or siniplv incline or impulse curve. 

3. Pillar. 

4. U-^^rms. 

.'). Point of the tooth. 

<!. Heel of the tooth. 



i". 15. 

ACTION OF THE ESC.%PEHEN1T. 

197. — Assume the mainsjiring to be let do'mi and the 
cylinder to be held at rest iii one of the (J -spaces by the balance- 
spring. 

Now give a turn to the watch key : a tooth of the escape- 
wheel comes in contact with the great lip of the cylinder a (fig. 
2, plate I.). The tooth continues to move in contact with the 
lip, and, pushing it backwards through the entire length of the 

7 
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impulse curve, compels it, witli tlic balance attached, to turn 
towards the right. This sliding of the impulse curve on the lip 
constitutes a lift. At its conclusion the tooth is suddenly 
released from the lip with a slight jump (the drop), and its point 
falls against the internal face of the cylinder (i), which continues 
its rotatory movement through the momentum imparted to the 
balance. During this period the first rest occurs, for the wheel 
remains stationary in consequence of the point of its tooth being 
held in contact with the interior of the moving cylinder (see h 
and d). 

This state of rest will be maintained until the cylinder has 
been brought to its original position by the action of the balance- 
spring. It will then, however, cease, because the inclined plane, 
meeting with the second lip (/}, will slide past and push it 
backwards (y), so producing the second lift; the tooth then 
finally leaves the cylinder, as seen at 1c. As soon as one tooth 
escapes the next (It) comes in contact with the external surface 
of the cylinder, and occasions the last rest, which continues until 
the cylinder is brought back by the action of the balance-spring. 
The tooth is thus in the position (a), and acts in precisely the same 
manner as we have seen the first act ; the same is of course the 
case with all succeeding teeth. 

It is thus evident that each tooth gives rise to two rests, 
one on the outside and one on the inside of the cylinder; and 
two lifts, one on each lip. The sum of these lifts is the total 
lifting angle of the escapement. 

Each impulse curve therefore impels the cylinder alter- 
nately to the right and left, thus both setting it in motion and 
restoring to it at each impulse the force necessary to maintain 
its vibrations. 

The greater the pressure exerted by the wheel the more 
vigorously will it act on each lip, and any change in the 
motive power will cause an increase or diminution in the extent 
of the vibration, but is entirely without influence on the extent 
of lift. 

The slot known as the hanking slot (9, fig. 1, plate I.) 
prevents the lip from striking against the (j-arms and enables 
the balance to perform a complete rotation. 
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CHAPTER II. 

PROPORTIOIV8 VOGUR AT DIFFERENT EPOCHS. 


108 .— JODIN * (1754— 17G0). ‘‘ The point of the tooth 

■should, in its motion, pass through tlie centre of the cylinder, 
and the friction during rest will then bo less detrimental.” 

The incline should be straight, or its curvature should 
approximate as nearly as possible to a straight line. “ The 
movement imparted to the balance will in this case be a maximum P 

Lift 40”. It might with advantage be reduced to JIO”. 

Cylinder apertm'c, about 190“ measured at the half-shell. 

Tliicknoss of the shell about Jth of the length of the 
inclined plane. 

It should be here observed that, in his day, cylinder watches 
were usually largo and thick, and in consequence of the em- 
ployment of brass escape-wheels it was beneficial to have a 
shell of considerable thickness, so that the friction with the 
incline occurred at more than one point. 

Jodin was the first to point out that success in the timing 
of horizontal watches depends on the correct proportioning of 
all their parts ; more especially in the ratio between the escape- 
ment itself and the weight and size of the balance. Doubtless 
from a regard to his own private interests, he did not publish 
the results of his experiments on this subject. 

He pointed out the bad effect which an excessive force of 
impact on the surfaces of i-est has on the timing ; whether that 
result is due to the incline being too short or badly formed. 

He also was the first to show that “ When in a watch of 
this construction, the balance is too large, the watch goes slower 
with an increase of the motive force ; conversely, when it is too 
small, it goes faster.” 

199 . — The question as to the best form to be given to the 
teeth of the escape-wheel is far from being a novel one, as some 

J ean Jodin was a well-known French watchmaker of the last century. If his 
< work has not attained the position to which the yaluable matter it contains entitles it, 
this is due to the fact that Jodin frequently connects very sound and important obser- 
vations with entirely false reasoning ; his style is affected and diduse ; and the frequent 
<error8 and the misapplication of terms weary the reader of this little volume. 
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recent writers would imply, for it is a ccntmy since Jodin 
discussed it and, we must add, discussed it witli intelligence, 
although not exhaustively. His work contains some errors 
which, however, are due rather to the state of horology and of 
science at his time, than to the ignorance of the author himself. 

The following are extracts from his work: — 

“ The three definite forms which can he given to this 
curve (the incline) con’espond to the three following, the lift in 
each case being assumed to be the same : 

“ 1. The form of the curve may be that already discussed 
(that is, a curve such that equal portions of its length cause the 
cylinder to rotate through equal arcs) so that a uniformity in 
the arcs occasioned by the several portions will result. 

“2. The curve may be of such a nature that the same 
resistance is ofiPered by the balance-spring throughout ; for it is 
evident that any spring offers more resistance when wound up 
than it does when released. 

This latter basis of adjustment is a very attractive one, 
and the curve is capable of considerable development” (as lias 
been seen often enough since). 

“3. The curve may be such as to cause tlie balance to 
perform the greatest possible arcs of oscillation, in which cas(v 
it most nearly corresponds to a straight incline. 

“ Lastly. A fourth form of curve may bo contemplated, 
such that the advantages above pointed out might co-exist and 
secure at each point of the curve an approximately perfect 
regularity of movement, but we are obliged to forego it,” etc. 

“1 can imagine I see the reader embarrassed in his 
selection ; he is afraid lest he take a false step ; the ends secured 
are equally attractive. There is a cun’-e of which each portion 
gives an equal arc, another which compensates for the want of 
uniformity in the action of the balance-spring, and a third which 
gives the greatest possible arc of oscillation to the balance. 

“ For a long time I myself was undecided between the first 
two advantages, but ultimately the second prevailed. A curve 
possessing such hopeful properties (always being subjected to the 
same resistance on the part of the balance-spring) could not but 
commend itself to a lover of logical sqeuence, and it was only 
after very careful study that I succeeded in making some of the 
very worst of cylinder escapements ; for this was the one curve 
of all the three that was to be avoided. 
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“ I went back to the fii'st, whose object is to secure equal 
arcs for equal portions of itself ; but not being any better satistied 
with it, I gave it up and directed my attention to that which 
logically appeared to l)e the most hopeless ; I mean the approxi- 
mation to a straight plane, wliere the impulses given by the force 
at successive instants seemed to be so very irregular, 

“ As regards the first it is a matter of no importance that 
■each portion of the incline gives rise to an equal arc of oscilla- 
tion. This is not a case in which w'e arc concerned with the 
•equal subdivision of tlic circle ; our object is to ascertain i/ie best 
means of communicating motion and, at the same time, of communi- 
cating the greatest possible amount of motion (except, as will bo 
show'n in the sequel, when the objections to such a course 
<;ounteract the advantage w'hich Avould result from an increase 
of a few degrees in the extent of the arc of oscillation). 

“ In considering the advantages of the second form of 
curve, is it not natural to assume that the object is to nullify a 
<!onsiderablc resistance by a very slow movement, and tliat it is 
of importance, for the attainment of that end, to save all the 
impelling force, not gaining it at one point only to lose an 
•equivalent amount at another ? ’’ 

300t — LEPAUTE (17oo — 17G7). “ It would perhaps bo 

well to reduce the amount of lift in tlie cylinder escapement ; 
say, for cxamjdc, to 15'’ on either side, for observation shotvs that 
the more we reduce the lifting arc in a dead-beat escapement, 
the greater the complete arc of oscillation becomes : now the 
greatness of the arcs is just as important an advantage in 
watches as their smallness is in clocks.” (This is to a certain 

• extent true, but not entirely so.) 

It is unnecessary to give the rules laid down by Lepautc at 
length for, like the above, they are merely borrowed from 

• Jodin. 

201. — P. LE ROY (17G1). “The precautions taken by 
the best watchmakers in the construction of the cylinder 
escapement are as follows. 1. The wheel must bo light, the 
points of the teeth must pass through the axis of the balance, 

. and the inclined planes must be such as wall give a lifting arc of 
fi'om 30“ to 40“ (the exact amount of this angle will vary with 
the motive force employed, and other circumstances). 2. On 
■ escaping from the edges of the cylinder, they must drop against 
its internal or external face, but this contact must last for as 
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brief a period as possible. 3. The drop should be as small as 
practicable,” etc. 4. The balance must not bo too small, for 
then it becomes sluggish and increases the variations caused by 
a change of position. 

“ Judging by experience, I consider that the number of 
vibrations should vary from 16,200 to 17,000. The latter 
number was usually employed by Graham in his watches.” 

303 .— F. BERTHOUD (1763—1786). “The middle of 
the incline (i, fig. 16) should pass through the centre of 
the cylinder, so that this plane may, in producing the lift, 
act to the same extent before and beyond the line of centres 
fa hj. The resolution of the forces will thus be, very 
approximately, the same on either side of this line, and uni- 
formity will be secured. ^ 



n 



Fig. 16 

“When the middle of the incline passes accurately 
through the centre of the cylinder, the drop is of less extent- 
and so less force is wasted. 

“ The half -shell should be equal to a semi-circumference 
of the cylinder, plus the height of the inclined plane. 
Thus, the more the teeth are inclined, the more the cylinder will 
bo closed, and the lift will, of course, increase in like propor- 
tion. It becomes necessary, therefore, at the outset to decide 
what amount of lift should occur on each lip, and, the number 
of degrees being once known, it is only necessary to add them 
to half the circumference of the cylinder.” 

As Berthoud considered 20" of lift to be necessary on 
each lip, the half-shell of the cylinder should, according to 

* Sren whan this equality is not accurately secured no harm irill result, as vo 
see &om the detokt escapement in which the lift only occurs on one side, and 
the single hook escapement, which, from its long ribrations necessarily inrolres 
a greater amount of lift on one aide than the other ; an equal division is, however., 
preferable. (IVbfo iy dfeinet). 
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him, be half the circumference (360° divided by 2), plus 20®, that 
is 180® + 20®, or 200®. 

He made the thickness of the shell equal to -rV^h the length 
of the inclined plane. 

“ The angle between the inclined plane {d a e, fig. 16), 
and the tangent to the arc a b at the point a, should not exceed 
the number of degrees (20) added on to the semi-circumfer- 
ence, as explained above ; or, if the tangent be drawn at d, 
on the curve b a continued, the angle must be only half the 
required lift, since the line d ei& twice a e, the radius of the 
cylinder. 

“ Thus, for a lift of 20® on each lip, the angle between 
the incline and the tangent at d must only be 10®.” 

Berthoud recommended pivots of some thickness, so as to 
reduce the extent of the vibration and the friction on the cylinder, 
but expeirence has proved this to be a mistake. 

We will limit our quotations to what is given above, for 
the other recommendations and theoretical opinions originated 
by this author have for the most part been shown by experience 
to be fallacious. 

Notwithstanding all that experience taught him, Berthoud 
adhered to his mistaken views, doubtless impelled by an im- 
fortunate conceitedness; to tlie reader of his Supplement d 
VEssai sur Vhorlogcrie this will be evident, for he characterizes 
the cylinder escapement as very bad, and conceives it to be more 
faulty than the verge. 

Towards the end of his life he made some excellent cylinder 
watches. Those into whose possession they have fallen will see 
that they refute the opinions of their author as well as the great 
majority of the rules of construction he laid down in his writings, 
which extended over a period of more than thirty years. It 
would have been better for his reputation in the future had he 
honestly confessed himself to have been in error. 

203t — F. CALLET* (a paper presented to the Society of 
Arts of Geneva, and published in 1780). Callet considers that 
if we desire the movement of the cylinder, when acted on by 
the escape-wheel, to be the counterpart of that of this wheel, 
the incline must be curv'ed, in part concave and in part 
convex, when acting on the entrance-lip; and, when acting 

* A skilful calculator, bom in 1744 at Ycrsaiilos. and died in 1798. Ho 
constructed some tables of logarithms. 
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on. the exit-lip, must be slightly concave. But this inclined 
plane evidently cannot be changed while passing from one 
lip to the other, and the author, therefore, concludes : 
“ Perhaps watchmakers would do best if they adopted a 
straight incline.” 

The curvature should be varied when, for a given diameter, 
the number of teeth is changed. In the case of a wheel with 
fewer teeth the first curve is more pronounced, whereas the 
second approximates to a straight line. 

Two successive lifts cannot, therefore, be precisely similar 
in this escapement, and the two resulting vibrations must bo of 
unequal extent. 

This author observes that the form of the impulse curve 
should be such as will communicate a considerable movement to 
the balance. For if the impulse be slight, and the pressure 
during rest excessive, the effect of the balance-spring may be 
nullified. “Hence, of all the inclinations that might be given to 
the impulse curve, there exists one that produces the greatest pos- 
sible oscillation of the balance, etc. When the angle is very acute, 
the lifting arc becomes too small, and the lip of the cylinder 
may very easily be so carried out of reach of the teeth that tlic 
impulse curves do not act on it at all. It becomes important, 
therefore, that their inclination be such that every point of the 
curve may give an imiiulse to the cylinder-lip, but this must not 
be carried to an extreme. The exact inclination can only be 
determined by experiment.” 

204 .— FETIL the elder* (1802). “Several dead-beat 
escapements have fallen into disuse before they have been 
properly examined and explained, so that we can give no 
definite information about them; we must be content, therefore, 
with a few observations. Thus, for example, little has been 
said as to the cylinder escapement, at one time so much in vogue, 
further than to discredit it ; attention has not oven been drawn 
to the following main points for consideration: — 1. The point 
of contact during rest, which must be as nearly as possible 
tangential ; it therefore follows that the number of the teeth of 
the escape-wheel is not a matter of indifference. 2. The 
diameter of the cylinder, as compared with that of the balance, 
and indeed with the movement as a whole; and this is important, 

* Pierre F£til was bom at Nantes, about tbe year 1753. He died at Orleans, on 
the 18th of May, 1814. 
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not so much from the point of view of the working of the 
escapement, which is chiefly influenced by the first condition 
above referred to, lut in order that its several properties may he so 
inter-related as to secure regularity in the going of the machine to 
which it is applied. 

F^til adds that a watchmaker of his day pretended to avoid 
wear in his cylinders by giving the impulse curves of the teeth 
of the escape- wheel (in brass) an “ irregularly convex surface, 
such that the curvature was greater at the middle than at the 
two ends of the curve, thus causing the latter portion of the 
lift to be produced by a curve of but slight inclination: the 
cylinders were cut away to the extent of about one half, so that, 
after the lifting action had taken place, tlie point of each tooth 
would just fall on to the resting surface; and from this it 
followed that when the cylinder had taken up the position 
midway between two succe.ssivc lifts, that is, the position it 
would occupy if only under the influence of the balance-spring, 
a quarter or even a third of the impulse curve would bo found 
to have passed the cylinder edge ; this form only gave a lift of 
40", and sometimes even less.” 

While endeavouring to find some satisfactory explanation 
of this method of construction, Fetil foresaw that the choice of 
the metal must, in some way, influence the final result. 

3 Q 5 , — JURGENSEN (1805). “The cylinder must bo 
cut away 20" short of the diameter.” Thus the half-shell will 
measure 200". 

Lift 40". “ The middle of the impulse cuiwe should pass 

through the centre of the cylinder. 

“In order to avoid setting (in fusee watches), the inclines 
of the teeth of the escape-wheel are curved, the emwature 
being considerable towards the point and gi-adually shading 
off towards the heel of the tooth (whereby the resistance 
occasioned by the balance-spring is overcome with greater ease). 
At the same time this curve must approximate to a straight 
line, for experience has shown that ike greatest attainable 
movement of the balance is secured when the incline is straight. 
In watches arranged to go during winding up it is needless 
taking precautions to avoid setting ; the inclines may as well, 
therefore, be straight. 

“ The cylinder must bo formed of steel of the best quality, 
such as that used for fine gravera. It is well to make it of such 
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a thickness that the lips can be accurately rounded witliout any 
tendency to forming cutting edges, as that would cause a pitting 
of the inclines, which in turn would wear the cylinder itself.” 
(According to the plate that accompanies the work, the thick- 
ness of tho shell would be about of fke length of the 
impulse curve ; this is hardly in accordance with tho text.) 

Tho interval between the two plugs should be sufficient to 
ensure the oil against any undue attraction on their part, for if 
such took place it would leave the wheel and occasion a rapid 
wear of the escapement. 

Jurgensen set the escape-wheel in such a manner that the 
plane of the teeth was not at right angles to the axis, and thus 
the teeth came in contact with tho lips at different heights. 
This arrangement was first suggested by Romilly. 

Prior to Jurgensen’s time the escape-wheel was always 
constructed of brass, owing to an erroneous idea which was 
generally accepted without question. He was the first to 
anticipate and to demonstrate experimentally the advantages 
possessed by a steel wheel. 

306 . — TAVAN*. (In a report submitted to the Society 
of Arts of Geneva, in 1805, but not published till 1830, after 
the text had been revised and coiTOcted.) 

“The rubbing faces or the impulse curves of the teeth 
should be inclined at an angle of about 24“ to the tangent to 
the circle described by their base. Such an inclination appears to 
ensure that the lift takes place under the best conditions possible. 

“ They should have a slightly convex form, the radius of 
curvature being identical with that of the wheel itself. Such a 
form is found to be most advantageous in practice. 

“If we compare the lift produced by a straight incline 
and one curved as above described, we see that, in the first 
case, two'thirds of the length of the tooth will be expended 
to produce 10“ of lift, and the remaining 10“ will result from 
the final third. But it is just during this period that the balance- 
spring opposes the greatest amount of resistance (this statement 
is perfectly true if a balance-spring starting from a condition of 
rest is under consideration, but ceases to be so when the spring 
is under the influence of a motion already acquired). In the 

* Aotoine Tavan was bom at 4ost, in France, in 1749. He went to Geneva at 
the age of twentjr, and died there in 1836, after attaining considerable reputation as 
awa^ “iVer. 
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second case with a circular curvature the action is much more 
uniform. 

“The incline, whether straight or curved, should be 
rounded off in the direction of its length, and thus possess a 
beaded form. The extent of surface that rubs against the lips of 
the cylinder will thus be very much reduced, but experience has 
shown that this docs not occasion any increased wear, for the 
wear which does take place is generally due to dust attaching 
itself to the oil on the teeth and forming a scratching mass. It 
f)ften also results from the metals employed being of an inferior 
quality or badly polished. 

“ The thickness of the shell should be about one-seventh the 
length of the inclined plane. As regards the cylinder opening, 
the portion left (or half-shell) should exceed a half-circum- 
ference by 10° on either side, plus the amount by which the 
rounding of the comers of the lips occasions a loss of leverage 
during the lifting action.” 

Half the circumference (180°), together with twice 10°, 
gives 200°. Adding a little on account of the rounding of the 
lips, we conclude that the half -shell is to be slightly over 200". 

“ The lift should be 20“ on either lip, making a total of 40°. 

“ From the very nature of the movements that take place 
between the rubbing surfaces of this escapement at one time, 
the frictions at the two lips of the cylinder are not similar ; in 
the first lift, the lip is already moving in a direction somewhat 
opposed to the advancing impulse curve of the tooth, whereas, in 
the second, the two mobiles are travelling in the same direction 
with different velocities.” (The first kind of friction is that now 
called engaging, and the second is disengaging friction.) 

“ As the friction during the rests takes place alternately on 
two radii of resistance differing from each other by the thick- 
ness of the cylindrical shell, it will be evident that the influence 
they have on the vibrations of the balance must be unequal.” 

207 . — MOINET (1846). “ As a matter of fact it is usually 
the practice to make the half -shell or resting part of the cylinder, 
including in this term the rounded edge of the entrance-lip 
and the incline of the exit-lip, 190° at most, following the 
recommendation of Gumming * ; so that immediately on the 
heel of the tooth escaping from the entrance-Up, having im- 

* An Englisk watolimaker who, according to Moinet, was the first to propose- 
(1776) that the inclines should be enryed. He also adyocated the amount of 
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pelled it backwards, its point drops on to the resting surface, 
but only at such a distance from the exit-lip as is necessary to 
ensure a rest taking place, that is to say, so that it shall not 
drop direct against the incline of the lip ; for this purpose 
about 3" of circumference should be allowed. 

“If to this 3" bo added the slight lift occasioned by the 
incline of the exit-lip or the rounded edge of the entrance-lip, 
which is about 5“, it becomes necessary to add S" to the semi- 
circumference, and it follows from this that 188“ is the exact 
extent of the half-shell. 

“ As it is difficult to be very accurate when working on 
such a minute object, this may be taken to be 190", which should 
be slightly reduced if experiment jirove it to be necessary. 

“It is evident that the drop of tlie point of the tooth on 
the outside surface of the shell should take place with the same 
certainty as on the inside, that is to say, about 3" from tlie 
rounded edge of the lip ; this curvature should extend a 
little farther on the external than it does on the internal face, 
and should also be less rapid on this outer surface where the 
tooth is on the iDoint of entering the cylinder.” 

As regards the amount of lift and the inclination of the 
impulse curves, Moinet recommends the same proportions as 
are given by Berthoud. 

After referring to “ another modification introduced in tiic 
cylinder escapement and revived at different periods,” namely, 
the adoption of a curved in place of a straight incline, Moinet 
observes : — 

“ As regards the choice of form for the incline, whether 
straight or curved, and the complicated inter-relationship 
between the power of the balance-spring and the velocity of 
the balance, the safest jiractice would be, as wc have already 
pointed out, to determine experimentally which form procures 
the greatest supplementary vibration ; for, in questions of tliis 
nature, argument may very easily mislead, and it is therefore 
■safer to resort to experiment^ 

He reproduces the proportions adopted in a watch by 
Berthoud, and observes that the diameter of the cylinder is 

opening above given, and considered that tbe radius of curvature of tlie incline of 
the exit-lip should bo half that of the impulse curves themselves. 

We would observe that Jodin discussed the question of curved faces several 
years before Gumming, so that on this point the French watchmaker has the advan- 
tage of priority. 
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about ^-Vth of that of the balance, adding : “ others make it Trth, 
so as to increase the compensation caused by frictional rests.” 

208 . — M. WAGNER (1847). “ The most important im- 
provement tliat can be introduced in any escapement is to 
cause it to work, under given conditions, with the least possibh; 
amount of friction.” (The question of friction, although iin- 
jjortant, is not of the first importanr-c, especially if only its 
indofinito diminution is principally considered. See lOG and 
following articles.) 

According to this author, in order that a cylinder escape- 
ment may not set, that the friction may be reduced to a mini- 
mum, and that tlic extent of the oscillations may be as great a.s 
possible, it is essential that: (1) The centre of rotation of the 
cylinder be on the tangent ;* (2) the cylinder be cut away 180", 
minus the amount by which the lips project (about 4" or 5®); 
(3) the lifting angle be equal to the circumference of tlie 
wheel divided by twice the number of its teeth. 

With a 15-tooth wheel, then, the lifting angle wall be 12". 

“ The surface of the tooth (or the straight line passing- 
through its two extremities), the diameter of the cylinder, and 
the tangent -will therefore be in a line. 

“ I w^ould add that when the above conditions are main- 
tained, this angle (the lifting angle) varies inversely wdth the 
number of teeth of tlie wdieel. 

“ The adoption of these proportions will in all j)robability 
be opposed by man}' practical men who, with a w'hcel of this 
number of teeth (15) have been in the habit of giving 20, 25, 
oO and even 40 degrees of lift, under the impression that by 
so doing a greater impulse is communicated to the balance ; it 
is easy, from the law of the inclined plane, to demonstrate the 
converse to be the case.” (Experience is opposed to the opinion 
of this author, as it proves the impulse to be increased in the 
great majority of cases. The law of the inclined plane is not 
the only one bearing on the subject.) 

“ As the height of the incline is increased, the space 
traversed by the balance becomes greater and, as a consequence, 
the friction during the lift; if the cylinder be enlarged the 
friction during the supplementary arcs ■null also increase.” 

When the height of the inclined j^lanc is thus augmented, 

Tliat iS) a tangent drawn to the path of a point of a tooth where it cuts the 
external surface of the cylinder. 
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if it be desired to maintain the opening of the cylinder at 
180®. its centre of rotation must be in the middle of the incline 
of the tooth (assumed straight).” 

But, “ in this case, since the above condition of the centre 
being on the tangent is not carried out, there will be a still 
further and quite appreciable increase in the friction. 

“ It is nevertheless possible to retain the centre of rotation 
on the tangent, and at the same time to vary the lift from the 
amount above mentioned ; but this caft only be accomplished 
at the expense of the cylinder opening.” 

As regards the form of the impulse curve, the author 
recommends a convex surface, abc^ considerably divergent from 
a straight one, and formed of two arcs of circles united, and 
having their centres at u and t (fig. 17). 



■i' > 

, \' 

^ Fi^.' 

This curve has, according to M. Wagner, the property of 
rendering the action of the motive force proportional to the 
increasing resistance of the balance-spring. 

We would observe that Jodin ( 199 ), after making a number 
of experiments on curves of this class, abandoned them in 
favour of a straight or very slightly convex incline. 

309 . — M. HENRI ROBERT (1849). The amount of lift 
which M. Robert considered sufficient for the cylinder escape- 
ment does not exceed 25® or 30® “ at most.” 

He concluded that, as regards the form of the incline, 
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«, straight one or a concave cufve approximating very nearly 
to it, imparts the greatest arc of vibration to the balance. 

“ The more marked the curvature is at the commencement 
of the lift, the greater will be the force required to give motion 
to the balance; afterwards the tooth will slide against the 
edge, only producing a slight amount of lift, and the drop will 
he the more violent according as the curvature is more marked 
at first, and the displacement of the cylinder towards the end is 
less. Thus, the excessive force necessary to impel the wheel at 
the commencement of the lifting action increases the liability 
of the lip to wear, and causes the point of the half-shell on 
which the drop occurs to become pitted sooner.” 

According to M. Robert, “every curve will, during the 
lifting action, bring a greater number of points successively in 
contact with the cylinder than a straight line does, since its 
length is greater than that of the chord subtending it, and 
consequently the clogging of the oil will be all the more 
appreciable.” 


Table of the Proportions recommended by different Authors. 

OPENISO OF THE CTLISDEE. 


Angular measurement of the half-shell ; 

Jodin — Lipaute 190® > 

Berthoud — Jurgensen 200® / 

Tayan a little over 200® y 

Moinet 190® i 

M. Wagner 185® } 


Minimum, 185® 

Maximum, a little over 200® 


TOTAL LIFT, INDICATIN(5 TFIE HEIGHT OP THE INCLINED PLANE. 


Jodin — Lepaute 30® \ 

Berthoud-^ urgensen 40® I 

Tavan 40® 

Moinet 40® ( 

M. Wagner 24® j 

M. Henri Robert 25® to 30®/ 


Minimum, 24® 
Maximum, 40® 


Tarlous Observations and Summary of the Cliapter* 

310 . — ^We do not intend to give a critical examination and 
comparison of the data contained in tlic above table, as the 
reader can easily do this for himself after reading the following 
articles. We will only here recapitulate the present chapter in 
a few words. 

The amount of opening recommended by Jodin towards tho 
middle of last century, is precisely that advocated by Moinet 
nearly a hundred years afterwards. Some watchmakers of J odin’s 
day opened the cylinders rather more than he did; the half-shell 
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was, therefore, very nearly the same as that proposed by 
M. Wagner. 

Jodin, who in the first instance adopted 40® as the lifting 
angle, subsequently reduced it to 30® in accordance with an 
opinion then cuiTont that it was advisable to diminish the lift as 
much as possible in the case of a dead-beat escapement ( 300 ); 
we shall subsequently see that as regards the cylinder escape- 
ment of his day, he was justified in limiting it to this amount. 
In our own time, M. Robert has suggested this latter figure of 
Jodin’s as a maximum limit for the extent of the lift. 

The earlier makers caused the point of the tooth to pass 
through the axis of the cylinder “ so that the resting action 
might take place perpendicular to this axis, and the friction 
therefore be more uniform.” They evidently, even at that 
jieriod, had recognized the advantage of tangential rest. 

211 . — As regards the form to be given to the impulse curve, 
they had already, before the commencement of the present 
century, proposed or investigated: (1) the straight incline; (2) 
a slight curve towards the point of the tooth ; (3) a curve most 
pronounced at its centre; (4) considerable curvature at the point 
of the tooth; (5) a sort of winding or concave curve; (6) two 
arcs of circles united, one described with half the radius of the 
wheel and the other witli the entire radius. 

Ever since the invention of this escapement, each author 
wdio has discussed it with any attempt at completeness, except 
Jodin and F<5til, has laid too much stress on some one special 
feature of the problem, giving it an extravagant importance 
■without apparently perceiving that success depended on the 
proper harmonizing of the whole ; and further, that the desired 
end might be attained in several ways, each, however, requiring 
that not only one, but all the conditions of the problem should 
be satisfied. 

From what precedes it -ndll be evident that the rules which 
.should guide the watchmaker in constnicting the cylinder 
escapement were foreseen by Jodin, and their salient points 
distinctly indicated by Fetil. IIow then arc we to explain the 
fact that, after an interval of sixty years, several authors liaA^e 
wasted time by doing over again the work of last century, ■when 
a few experiments properly conducted would have sufficed to 
demonstrate the worthlessness of solutions that are merely 
geometrical ( 77 )? 
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CHAPTER III. 

PBIlVCIPIii: OF THE CYMKDFB FSCAPFIHBNT. 


212. — The classification of escapements as recoil, dead- 
heat, and detached escapements is, as has been already pointed 
out, imperfect; we shall, however, retain it since it is usual, 
and, although not strictly logical, we shall employ the 
expression ‘‘ escapements with frictional rest ’’ when speaking of 
those in which the wheel, after communicating an impulse to the 
balance, remains at rest, being held by a moving body that forms 
a part of the axis of the balance. Such, for instance, are the 
cylinder and duplex escapements in watches, and the pin, 
anchor and Graham escapements in clocks. 

The misuse of the term “ scientific principles.” 

213. — The cylinder escapement can be regulated under 
conditions apparently so variable that it has given rise to 
considerable discussion, and has been the occasion of a great 
amount of writing both in pamphlets and treatises. Many' of 
these, penned by ill-educated practical men, are characterized 
by such senseless expressions as “theory requires so-and-so, but 
practice says no ; ” “ Mon of science know nothing about horo- 
logy, and yet they officiously dictate laics for its yuidaneef 

and one soon perceives, on taking up the works of these authors, 
who for want of real authority put forward their ignorance as a 
justification of their attempting to teach, that they are only 
trying to lisp a language that is unknown to them, and are 
speaking of subjects they do not jwoperly’ understand. 

If a practical man publishes details of the most approved 
methods of manipulation, and points out the proportions that 
have given hiiii the greatest satisfaction, explaining everything 
in such detail as to bo clearly understood, he renders a distinct 
service to his art, and proves himself to possess real merit ; but 
if he is not well-informed in the exact sciences, he must avoid 
discussing them, and not risk a plunge into theoretical subjects, 
since any mistake would endanger the reputation of his work. 
Another objection to the books we refer to is that they mislead 
young students by classing as scientific principles what are 

8 



114 THEOEY OP ESCAPEMENTS WITH FEICTIONAL EEST. 


nothing more than empirical rules applicable only in certain 
special cases. 

We have intentionally italicised the above expression, which 
is a favourite one with numerous authors. In virtue of these 
scientific principles, which none of them define, one demands 
one thing, and another another ! 

Hippocrates says yes, but Galen says no. 

Then after a train of argument, more or less specious, that 
goes in a circle round the main issue, and seldom really copes 
with it, we come back to the indisputable phrase : “ If the 

mechanism be constructed on scientific principles, we obtain,*’ etc. 

These are indeed remarkably elastic principles: tliey adapt 
themselves to every system, arc applied to the most dissimilar 
contrivances, and do not conform to those logical and unyielding 
laws which must regulate the movements of all bodies. These 
false principles would have practical men believe some an- 
tagonism to exist between theory and practice, between the head 
and the hand. 

It is needless for us to refute such an absurdity ; men of 
intelligence will see it in its true light, but to the younger 
watchmakers we would say: “ This antagonism does not exist ; 
science never says one thing and practice the oppositeP We must 
not expect of theory more than it is able to give, and the 
contradiction which, according to certain books, exists between 
it and practice, results solely from the author not having studied 
his subject with sufficient care and completeness, so that he 
charges theory with decisions for which it is not rcsj)onsible. 

An excellent tool may be clumsily handled; this is an 
exactly parallel case to the one we are considering, and we 
have spoken in no spirit of criticism, but simply because the 
errors to which the practice referred to have given rise, hinder 
the progi’ess of horology, and prevent it from receiving, at the 
hands of truly learned men, that consideration which it deserves. 

NEW THEORY OF ESCAPEMENTS 

WITH FRICTIONAL REST. 

214. — The following theory depends upon no gratuitous 
hypothesis ; it is based upon the logical application of laws that 
have been clearly proved, and on numerous carefully observed 
phenomena. 

It is borne out in all its detail by the experience of the most 
skilful watchmakers, and explains the origin of those intermin- 
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■aUe controversies that have occupied the attention of artists 
for many years past. 

It is the result of uninterrupted labour during a period of 
ten years. Wo do not mention this fact for the unprofitable 
pleasure of satisfying vanity, but so as to show that, however 
anxious and determined one may bean the pursuit of truth, it is 
difficult to keep clear of the hazy theories so generally received; 
theories which are only supported by one-sided arguments, and 
which in the great majority of cases are disproved in practice. 

The same laws must govern the Escapements of Clocks 

and Watches. 

215 . — The construction of escapements with frictional rest, 
whctlicr they be for clocks, timepieces or watches, is governed 
by the same physical and mechanical laws. We must, however, 
always remember this important difference, that in the case of 
the pendulum, the regulating action depends on a force which 
never varies in a given locality, namely gravitation; whereas 
when an annular balance is employed, wo are compelled to 
rely on the elasticity of the balance-sj)ring ; and this is a force 
tliat varies considerably with changes of temperature, and can 
be caused to alter at will in a manner very analogous to that 
represented by the law of vibration of the pendulum. 

The problems in the two cases therefore become compar- 
able, the only difference being that a certain unknown is deter- 
mined for the pendulum by means of the law of gravitation, and 
for the annular balance by the law of elasticity. 

Functions of an Escapement with Frictional Rest. 

216 . — The functions which every escapement is required 
to perform are: 

1. To moderate, and at the same time regulate the velocity 
of rotation of the train of mechanism. 

2. To restore to the moderator the small amount of force 
that it has lost at the conclusion of each complete oscillation. 

3. To effect this restitution of force in such a manner that 
all the oscillations occupy exactly the same period of time. 
The attainment of such a result does not in any way preclude 
the possibility of employing unequal movements as regards 
the actual space traversed. 

Its Action is Composite. 

217 . — The action of a frictional-rest escapement may be 
shown to consist of two effects ; the strain or impulse on the 
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impulso pa-llct or cdgCj and tlic pressure on the axis of the 
moderator while in motion ; an action and a reaction which will 
ho found discussed in the chapter of the Introduction, headed : 
The Lift of Escapements (94). 

It is of the utmost importance that each of these tw(^ 
effects he separately unravelled, in order that we may ascertain 
in vdiat cases the two actions unite, and in what cases they 
v.diolly or in part neutralize each other. 

Propositions summarizing tl>o new theory. 

With a view to abridge our work, and to enable the reader 
to understand it at a glance, wc will at once lay down the bases 
of the theory. 

They are summed up as propositions, which severally point 
out a principle to be theoretically and practically proved in tlic 
sequel. 

FIRST PROPOSITION. 

218. — If the motive force be exactly counterbalanced with 
an escapement arm, the conditions of equilibrium will be main- 
tained, however the length of this arm be varied, providing the 
lifting angle and motive force remain unchanged. 

SECOND PROPOSITION. 

219. — If the lifting angle and the motive force remain 
constant, the force of the impulso that maintains the movement 
of the regulator will increase with any diminution in the length 
of the escajiement arms. 

THIRD PROPOSITION. 

220. — The resistance occasioned b}^ friction on the resting 
surfaces is proportional to the lengths of the radii of rest 

FOURTH PROPOSITION. 

221. — The lift and the motive force remaining the same, 
the period of an oscillation will change with any variation in 
tlie length of the escapement arms. 

FIFTH PROPOSITION. 

222. — There is one, and only one, length of the escape- 
ment arms that is adapted for ensuring the nearest possible 
approximation to isochronism in the oscillations. 

SIXTH PROPOSITION. 

223. — The useful effect of an impulse, measured by the 
amplitude of the arc of vibration described by the moderator, 
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varies with the height of tlie incline by which this impulse 
is communicated. 

SEVENTH PROPOSITION. 

234. — There is one degree of inclination of this incline 
which secures, with a given motive force, the greatest extent 
of oscillation with the greatest regularity. 

EIGHTH PROPOSITION. 

235. — If the relation between the impulse lever and 
radius of rest that is best .suited to any given pendulum or 
annular balance has been determined, it will be necessary to 
vary their pro])ortion with any change in the dimensions of this 
moderator. 

NINTH PROPOSITION. 

226.— The size of the escape-wheel is not a matter of 
indifference. It is directly dependent on the weight and velocity 
•of movement of the wheel, on the ctfective height of the impulse 
curve, and the friction that occurs on its surface. 

33!?. — A full demonstration of these propositions is impr)s- 
eible except by the aid of mathematics of an advanced description. 
But without pretending to a strict proof, which after all is not 
absolutely necessary here, we will proceed to demonstrate the 
■truth of tlio above laws by means of the elementary mechanical 
principles given in the Introduction. W e shall explain how they 
can bo confirmed by experiment, and skilled workmen will bo 
able to multiply the evidence thus afforded by constructing 
the apparatus referred to with all the care and accuracy that 
they have learnt to devote to instruments of precision. 

As a prelude, and in order to enable every watchmaker to 
benefit by the explanations that follow, which, as will bo seen, 
are within reach of anyone of average intelligence, wo will 
explain a gi’aphical method applicable to the study of the 
resolution of forces in an escapement. Wo shall follow the 
system proposed by M. Rozd (junior) at a meeting of the Paris 
Horological Society. 

Resolution oT Forces in Rscapements. 

Pressures. 

338. — The object of every escapement is to change the 
mature of a movement. 

The character of this transformation depends upon tlio 
-mechanical details of construction of the escapement. 

Now, as the impacts and friction that occur in every piece 
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of mechanism in action occasion a loss o£ motive power and, 
consequently, a variability in the amount of force transmitted, 
it is important to examine the relations that exist between the 
arrangement adopted in the escapement, and the amount of 
force necessary to neutralize the exact quantity of friction which 
that arrangement involves. 

By observing the manner in which the forces arc resolved 
we arrive at this information (67)- Let o and A (figure 1, 
plate III.) be the centres of movement of the wheel and the escape- 
ment arm (the pallets, radius of cylinder, etc.), K n is a tangent 
to the lifting face, either rectilinear or curved, at the point M 
whoso action is under consideration. At tliis point draw Jt i; 
IDCrpcndicular to ii k. Assume the motive power to be applied 
at the point m of a tooth of the wheel, and represent it by 
M p drawn perpendicularly at tlie extremity of the radius ?.r o. 
AVe will consider the arm as fixed in the jiosition indicated 
in the diagram. 

In consequence of the action of the tooth on the plane 
K n the motive power will tend to force apart the points o and m, 
and the pressure exerted on them can be ascertained by drawing 
the parallelogram s m u p, using m p as a diagonal, and the 
radius of the wheel and m u the normal to tlio lifting surface- 
as two contiguous sides. 

This construction .shows the manner in which the force i& 
resolved into two portions; one of these, m u, acts perpen- 
dicularly to the lifting surface ojjposed to the tooth, tlisplacing it, 
and the other, m s, is directed against the pivots of the Avheel 
and converted into friction. 

The force m u is thus the only portion that produces a- 
useful effect ; that is, fitted to induce a motion of the escapement 
arm when free to move. 

An examination of figure 1 (plate III.) clearly shows that 
this force, m u, will itself be resolved into two parts as soon 
,as the motion of the lever commences : one, m t, acts on the- 
pivots of the pallets or cylinder, that is on the fixed point a, 
and the other, m q, produces a motion of rotation of the lever 
round this fixed point. 

The above explanation is equally applicable whether the lift 
takes place entirely at the end of a lever or in part on the tooth 
itself; these are the cases of a lever and a horizontal escapement. 

By drawing the escapement in the position it occupies at. 
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different periods pf the lifting action in the manner above 
explained, wo shall be able to study the resolution of the 
force during the entire lift, and to ascertain for each successive 
point the relative values of the pressures exerted. 

The length of path. 

229. — Besides taking account of the relative intensities of 
the forces, it is necessary also to observe the relative distances 
traversed b}' the several working parts, for any change in the 
velocities will occasion a change in the manner in which the 
motive force is distributed. 

Figure 2 (plate III.) gives a method of obtaining a simple 
expression, sufficient for our jDurpose, for the amount of sliding 
action that takes place during the lift. 

Let o and a be the centres of movement of the wheel and 
escapement-arm, connected by the line o A. Let m be the point of 
application of the force at the moment under consideration ; in 
this case it represents the extremity of a tooth of the wheel. Let 
n K be the tangent at the point m, so that it coincides with the 
impulse curve at this point. At m draw m g perpendicular to 
II K, and cutting the line of centres, prolonged if necessary, at g. 

JI. Roze has demonstrated by calculation that, with a 
uniform lifting action communicated at m, the angular velocities 
are in the inverse ratio of the lines o G and A G, or the distances 
of the point G on the perpendicular m g from the centres of 
movement, measured along the line of centres. 

We can at once make an application of this theorem: — 

If the ratio of the angular velocities remains the same for 
all the points of lift, the normals (perpendiculars) drawn at the 
points of contact that correspond to different positions of the 
lover will all pass through one and the same point situated on 
the line of centres or its prolongation. In figure 2 (plate III.) 
G is the point thus fixed uiion. 

THEORETICAL & EXPERIMENTAL PROOF OF THE ABOVE PROPOSITIONS. 

If a given motive force be maintained in equilibrium by the 
arm of an escapement it will remain at .rest, however the 
length of Ibis arm be varied. 

230. — The lifting angle of the triple escapement-arm 
Lh CD (fig. 3, plate III.) is in each case d a /, so that the three 
inclined planes h g, nfj m I, which, when the escape-wheel and 
the amount of lift remain unchanged, correspond to three arms 
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of lengths 1, 2, and 3 respectively, will be contained between 
the lines d a, a /. 

The three projections, A nt d, are of equal thickness, 
since they depend on the distance apart of the teeth of one 
and the same wheel ; hence the inclination of the impulse planes 
must vary with the length of the lever, diminishing as it increases. 

“ An inspection of figure 3 (plate III.),” says M. Wagner 
in his Memoir, “ shows that for a given arc of oscillation the 
incline A ^ is three times as rapid as the incline m I which is at 
tlirice the distance from the centre of oscillation, because the 
heights h s,m'D, remain the same while the base D / is three 
times as long as s g. 

“ It follows that if, through the greater inclination of A 
the projection at distance 1 is displaced with three times the 
force exerted on m /, the force repelling the latter projection will 
be thrice as effective as that repelling A y, because the lever arm 
A o' is three times a o, and thus the force lost by reducing the 
inclination is gained by the increased length of the lover arm ; 
and conversely, the force gained by the greater inclination is 
neutralized by reducing the length of the lever arm.” 

231. — ^He concludes that, ignoring the question of tlie 
friction on the resting surfaces, the length of the escapement 
arm is unimportant “ since., however it be varied, the force of the 
impulse remains the samef 

And, if we take into consideration this friction on the rcstins: 
surfaces, “ the length of the escapement-arms must he reduced as much 
as possible , since the impulse remains constant while the 
friction on these surfaces increases with the length of the arm. 

232. — ^Wc cannot admit this double conclusion to be 
legitimate for, from our point of view, it does not in the least 
follow from the given premises ; it is quite a mistake to assume 
that to be a general law which is only true when the escapement 
is at rest and the resistances simply in equilibrium with the 
motive force. 

An escapement in equilibrium and at rest does nothing, 
and might as well not exist for any useful purpose that it serves ; 
the condition of the problem is entirely altered when the system 
is set in motion. From being statical it becomes dynamical. 

We shall have to revert at some length to this important 
subject, but before doing so will again quote from M. Wagner 
(nephew), who was, to the best of our knowledge, the first to 



EXPERIMENTAL APPARATUS. 


121 


discuss and solve the theorem that forms the heading of this 
article; a theorem which is only one particular case of the 
general law of the equilibrium of forces. 

7IBST BXPBBIUBNT. 

S33. — “ Theoretical conclusions must always be supported 
by experimental results ; for this reason I have constnicted an 
instrument consisting of an escapement with arms of different 
lengths, by means of which the practical truth of the above 
principle can be demonstrated. The same apparatus enables us, 
moreover, to measure the friction with each length of arm” (he 
is only speaking here of the friction on the resting surfaces). 

“The instrument (represented in figure 4, plate III.), 
consists of a double frame b b, mounted on a base d d, and 
•supporting at a the axis of an escapement arm which is provided 
with very fine pivots in order to diminish friction ; three 
projections, i, /, k, of equal height, are formed on this arm, so 
that the same wheel can act on them, and their distances from 
the centre of oscillation are as 1, 8, and 16. The three 
projections have the same amount of lift, a fact that may be 
verified by means of a divided arc of a circle attached below the 
longer projection and an index fixed to the base d d. To the 
axis of the escapement is fixed a horizontal arm t, at the 
extremity of which can be suspended a small balance-pan, 
the attachment being such as is employed in a delicate balance. 
Lastly, on this same axis is another vertical arm carrying an 
adjustable weight r by which the apparatus can be exactly 
brought into a state of equilibrium; when, however, the 
apparatus is thus adjusted, the balance-pan is disconnected from 
the arm t, being supported by its knife-edge on a piece fixed to 
the frame b b ; the arm t only comes into contact with it at the 
moment when the arm c c of the escapement commences to move 
backwards, through the force exerted by the finger f (repre- 
senting a tooth of the escape-wheel) on one of the inclined 
planes ; this tooth f moves on an axis o, forming part of a sliding 
piece p, which can be fixed at any given point along the upright 
r, so as to bring F opposite either one of the projections of the 
escapement arm. Maries on the upright v facilitate the placing 
of this tooth accurately at such a height that it shall act 
tangentially to each projection. The stem of f is traced over 
with a thread to carry a mass m by which the action of the 
tooth on the inclined planes can be increased or diminished. 
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“ Finally, in order to reduce as much as possible the causes 
of error, I constructed all the parts with the greatest possible 
care. The pivots were of extreme fineness, the rubbing surfaces 
very highly polished, and the apparatus could be accurately 
adjusted as to position by means of levelling screws x x. 

“ The following is the method of experimenting : 

“ After having set the tooth F to act on one of the projec- 
tions, the weight necessary to maintain the apparatus in equili- 
brium when it thus acts on the inclined jjlane, is placed in the 
pan of the balance ; then the tooth is pi’csented to another pro- 
jection, and the apparatus still remains in equilibrium with the 
same weight in the pan. Yet the shorter of the three arnis is 
only one-sixteenth of the length of the longer; we therefore 
assume that intermediate arms, however numerous, would 
behave in precisely the same manner. 

“ The experimental result then confirms the theoretical 
principle that, ignoring friction, the length of tlie escapement 
arms is a matter of indifference.” 

234. — This conclusion of M. Wagner is in accord with the 
law's of statics, and quite true from a simply geometrical point of 
view, but it becomes erroneous when applied practically ; for wo 
must I'epeat what we have ah-eady said (232) that an escapement 
must always be considered when in action, and then the condi- 
tions of the problem arc very different from those above assumed. 


! 
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Fig. 18. 

By concluding frCm the foregoing experiments that the 
escapement arm should be as short as possible, their true import 
has been overlooked, as we shall proceed to show ; it is first 
necessary, however, to prove the following proposition. 

The Resistance caused by Frietion on the surfaces of rest 
is proportional to the Radii of Rest. 

235.— From the law of the proportionality of friction to 
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pressure (133), it follows that every friction may be repre- 
sented by a weight. 

Let tlicro bo a lover c b a (fig. 18), movable on a centre n, 
and of the two equal arms b a, b c, let one b c rest against a 
rotating cylindrical body, and the other b a carry a weight p. 

This weight may bo taken to express, or to be a measure 
of, the resistance which the friction of the lover opposes to the 
rotation of the eylinder ii. The intensity of this friction will 
be doubled by transferring the point of application of p from a 
to D, since b d is twice b a, or the same effect will be produced 
by applying twice the weight at A. 

Conversely, if the radius of friction B c be doubled and 
the cylindrical body be transferred to c', the friction on the 
point of contact will be reduced to one half. 

SECOND EXPEEIilEKT. 

236. — M. "Wagner was the first to practically ascertain, by 
means of the apparatus described in article 233, and shown in 
figure 4 (plate 111.) the amount of friction on the resting surfaces. 

“ If the tooth F be placed on any point of one of the 
curves of rest, a certain weight in the balance-pan will be 
required to overcome the friction thus occasioned, and to set 
the escapement in motion. If now this same tooth be caused 
to rest on a surface having a greater radius, we shall observe 
that a greater weight is necessary in order to neutralize the 
friction, and in the converse case a less weight will be required; 
it is thus seen that this weight increases directly with the length 
of the escapement arm, and will, in a coiTCsponding proportion, 
diminish the freedom of movement.” 

Tbe impclliug force required to maintain the acquired 
movement of the balance* increases as the arms of the 
escapement are shortened. 

337. — As in the preceding cases, let the angle of lift and 
the motive force remain the same. 

Assume for the present that the impulses are really equal. 
It necessarily follows that, a? the arms of the escapement arc 
lengthened, the total pressure on the resting surfaces of the 
moderator will gradually increase while the impulse remains 
the same ; whence it results that the motion of the moderator 
will be more and more impeded, and its oscillations will bo 
slower and slower. The watch or clock will therefore lose more' 
and more in its rate as we increase the length of these arms. 
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If, then, this theory he true, the retarding effect to wliich wo 
nlludo will become greater as the length is increased from zero 
upwards. Double the amount of motive force will occasion an 
impulse nearly twice as great, but since the pressure on the 
resting surfaces will be two, three, and four times as much 
when the arms become twice, thrice, or four times the length, 
the resistance should increase in the same ratio when the impel- 
ling force remains constant. 

In jiractice, however, the converse of this is foxind to be 
the case, and it is easy to prove that it should be so by a simple 
application of the laws of mechanics. 

238. — The advocates of very short lifting arms have either 
ignored or overlooked two elements in the problem under 
consideration: at present wo will only discuss one of these. 
Although it is not easy to ascertain its exact amount in w^atches 
with escapement arms of the dimensions ordinarily mot with at 
the present day, it can be determined without much difficulty 
when the dimensions are considerable. 

The element to which we refer is the amount of force that 
is absorbed in friction of the tooth on the inclined plane, 
and in friction at the pivots. 

An examination of the lines v, v’, v", v", in fig. 3 (plate III.), 
IS sufficient to show that the friction on the incline acts at a 
constantly increasing angle as the lever arm is made longer, 
from which it neccssaril}' follows that the pressure on the arms 
and on the pivots becomes greater, and the amount of friction 
progresses in a like manner (70 and 132). 

The principle of the resolution of forces (228) must 
be resorted to in order to solve this question. 

Let / and r (fig. 3, plate III.) be the centres of one and 
the same Avliecl, acting successively on the arms a //, a m of an 
escapement ; o r* and o' r'" represent the radius of this wheel, 
and v, v", the perpendiculars at the middle of each lifting sur- 
face. In the line A o drawn at right angles to the extremities 
of the radius of the wheel, let o u and o' u' indicate the amount 
of motive force exerted by this wheel, and draw, in the manner 
already explained, the parallelograms o i up, o' i' u' p'. 

The same motive force is in the first case resolved in the 
proportion of^ o to o i, and in the second case as// o' is to o' i>. 

Now 0 i and of i' represent the pressures exerted by the 
wheel at o and c. 
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Approximately, therefore, from the figure, the pressure 
impelling the lever when the wheel is centred at r' is about 9, 
and less than 11 when it is at r'*'. 

The advantage gained by using a long arm is thus seen to 
bo considerable in this first period of tlio action. 

The force exerted at o can be resolved into two parts 
proportional to the lines o u and o q. 

One of these represents the pressure on the pivot a, and the 
other 0 q may be taken for purposes of comparison to give a 
measure of the actual impulse communicated to the arm. 

Tlio parallelogram o' u' p' q' shows in like manner the 
resolution of the force at o'. 

If these several lines be compared, remembering that the 
friction is proportional rather to the adliesion ( 43 ) than to the 
pressure, and that the surface over which the friction occurs is 
three times as great in the case of the longer lover ; if it bo 
further remembered that the latter always weighs from three to 
four times as much as the shorter arm in order to secure an equi- 
valent amount of rigidity, we shall conclude that tlie effective 
impelling force is about 4 with the arm a m and o with a /t. 
The latter is therefore the most efficient. 

IVe would again point out that the above values are only 
approximate; they are given thus in round numbers to assist in 
the explanation which it is unnecessary, however, to extend, 
since the reader will bo able to do so for himself should he 
think fit. It is sufficient for our pm-pose to have proved that 
the imiielling force derived from a constant motive power in- 
creases, disregarding friction dining the rest, in a dr^nite propor- 
tion as we shorten the escapement arms. 

339 . — The demonstration of this fact justifies us in laying 
down the following new law, which is sufficient to finally settle 
the prolonged discussion that has taken place with regard to the 
best length for the escapement arms. 

The law may be thus enunciated : 

The impelling force increases as the length of the escapement 
arms is diminished. 

Now we know that the resistance due to pressure on the 
resting surfaces varies directly with this length. 

Hence from these two laws, the following important con- 
clusion may be drawn : — 

Since there are two effects which vary in contrary direc- 
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tions with a gradual change in the length of the arm, there is 
necessarily one point at which they most nearly approach eaxh 
other; that is to say, a point at which the disproportion between 
the two actions (the impulse and the resistance) is a minimum. 

The several functions thus inter-related are not only very 
remarkable, but their consequences are so’important that one is 
astonished at attention not having been earlier directed to them. 

240. — We have now to discuss the most delicate portion 
of the whole question under consideration ; the measurements 
involved are infinitely minute and very difficult to detect excei^t by 
the sh'ght variations which thej' occasion in the going of the watch. 

What has been proved above is accm'ately true (providing 
the nature of the metal, tlie condition of its surface, etc., 
remain the same) only on the supposition that the axis of the 
lever is a mathematical line, that is to say, has no thickness 
and is incapable of displacement. 

Such a condition of course could not exist in practice, and 
between the mathematical axis of suspension, which is at the 
centre of the pivot, and the point of contact of this pivot, there 
will be a distance equal to half its diameter. 

This point, moreover, is constantly being displaced. 

Consider figure 19, where all the dimensions have been 
purposely exaggerated. 



Fig. 19. 

Let D be one of the pivots of a pair of pallets seen in the 
pivot-hole that supports it. 

When everything is at rest the pivot will touch the pivot- 
hole at p. This point will be the fulcrum about which the 
resistance of the lever acts. 

Assume the pallets to be very long. When the wheel 
begins to act on the left-hand side, the point of contact 
will be slightly displaced and, with a lift of average extent, 
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■will bo transferred to about a. The pressures during both the 
locking and the impulse act in nearly the same vertical lino 
when the arms arc long, and thus the point of contact will be 
approximately the same during both periods. 

But such is no longer the case if the aims arc very short. 

The pressure on the impulse plane then acts laterally, and 
it follows that the arm, being held by the pendulum crutch, is 
compelled to transfer its fulcrum from a towards u, and occa- 
sionally even beyond tliat point. 

The effect of this will be easily seen. The locking surface 
which is concentric with the pivot will for the instant become 
cxcentric, and while in this condition it must cause an accelera- 
tion in the movement such as is observed in recoil escapements. 

This change in the point of contact, whether it be due to 
the shortening of the arm or to an alteration in the crutch, is 
deserving of careful study. 

When the pallets are attached to the axis of the pendulum, 
it is the point of flexure of the suspending spring that varies. 

341. — It follows immediately from the law given in article 
339j and the considerations contained in the last article that : 

Any increase in the motive force will cause a watch or clock 
to gain, the arc of oscillation remaining the same (and even some- 
times if it is increased), whenever the arms of tlie escapement 
are too short ; and, conversely, to lose, if these arms arc too long. 

And this directly leads us to conclude that ; 

Since a single cause, namely increased motive 'power, can 
produce two opposite effects, there must exist some point at 
which these two effects neutralize each other, or very nearly 
so : and that, in taking this point to be the limit of the length 
of the escapement arm, the insensibility of the escapement itself 
to variations in the motive power is rendered as groat as possible. 

Theory is thus able to give a definite answer to the question 
we are discussing. It only remains to examine it practically, 
to subject the new laws to experimental verification, and the 
problem may then be considered to bo finally settled. 

Third Experiment. 

343 . — In order to confirm by experiment these theoretical 
deductions I have made several series of observations. I shall 
subsequently refer to them in detail, and at present merely 
describe the three following : — 

In the first, my object was to show that if force is restored 
to a moderator which it has previouslv lost mider different 
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conditions as regards pressure during locking, a gain in the 
rate occurs when this pressure is least. 

I replaced the escape-wheel pinion in a cylinder watch by 
a pinion pro^^ded with a long and uniform shoulder ; on this 
slioulder either of two escape-wheels could be accurately fixed, 
being firmly held by friction. 

Their diameters were equal, Imt they difiered considerably 
in the height of the impulse curv’cs. 

That least inclined closely approximated to the tangential 
position. Its friction on the resting surface was therefore much 
less than in the case of the other 'vv'hoel. 

The centres of the inclines were in the same positions in 
the two cases, and the action of the watch wfith tliesc wheels 
was as follows. 

The mainspring was wound up only one complete turn : 

The watch beat 17,000 vibrations: 

AVith the incline tangential, and a mean entire vibration 
of 190", 

In 55 minutes 45 seconds ; 

‘ And with the more sloping impulse curves and a mean 
oscillation of 220", 

In 55 minutes 34 seconds. 

It should be observed that the motive force remained the 
same, and the gain occurred while the balance Avas 2)erforining 
its longer vibrations. 

The mainspring was now wound up four complete turns. 

The same watch beat 17,000 vibrations ; 

With the incline tangential and a mean vibration of 220", 

In 55 minutes 42 seconds ; 

With the greater inclination and a mean vibration of 245", 

In 55 minutes 28 seconds. 

In the second case as in the first, the longer vibrations 
were performed more rapidly than the shorter ones. 

243 . — These preliminary results I consider to prove with 
sufficient accuracy, that a change in the slope of the impulse 
curve causes a change in the relative intensities of the pressure 
on the resting surfaces and the impulse given to the escapement 
arm ; and that, when the force remains constant, the differences 
must result solely from a more or less energetic lifting action, 
since the pressure on the resting surface cannot alter. 

The conclusions at which we have akeady arrived might 
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be contested if they were only based on such observations as 
the above, since we ought to eliminate the complicated action 
of the balance-spring, which varies with the extent of the arc 
described by the balance. 

We will therefore only take account of the two experiments 
in wliich the amplitude of the arcs was the same. The action 
of the balance-spring may be considered to be the same in both 
cases, and so may be eliminated. 

When wound up one turn the spring neutralized a weight 
of 40 grammes. 

When wound up four turns the spring neutralized a weight 
of 60 grammes. 

Thus the same amplitude of vibration, 220®, was obtained, 

With the incline set tangentially, by a force proportional 
to 3 ; 

With the greater inclination, by a force proportional to 2. 

It is hardly necessary to observe that the fact of the arcs 
being of equal extent in the two cases proves clearly that the 
force restored to the moderator is the same. But the move- 
ments necessarily possess more activity when the pressure 
(during the locking) is least in proportion to the impelling force. 

If it be remembered, moreover, that, in the experiment in 
which the inclination of the impulse curves is least, the escape- 
ment acts tangentially, the fact of the increased rate being due 
to a change in the proportion between the impulse and the 
pressure will be placed beyond doubt; and, for the present, this 
is the only conclusion we desire to draw. 

FOVBTH EIPEBIMEKT. 

344t — We were carrying on these researches and experi- 
ments when a fortunate coincidence occurred which confirmed 
our theory and gave us the support of M. L. V4rit4, of Beauvais, 
a mechanician whose authority on this subject is unquestioned. 

This ingenious artist had for some time past observed that 
the results arrived at in practice do not always confirm the 
predictions or rather calculations of the geometrical theory. 

In order to clear up his doubts he constructed an apparatus, 
the description of which we defer until we have had an oppor- 
tunity of inspecting it. It is fonned of two identical clock 
movements; one of these can be moved vertically so as to cause 
the escape-wheel to successively act on pallets placed at different 
distances from the centre of suspension of the pendulum. The 

9 
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two moTements are brought into exact accord before this posi- 
tion is altered, and it will be evident that if a change in the 
length of the lever arms, on which the escape-wheel acts, causes 
variations in the rate, these will immediately be rendered mani- 
fest by the clock hands. 

We will only add that by means of this happy combination, 
M. V^rit^ has established the fact that by increasing the motive 
force, the extent of oscillation remaining the same, the clock 
gains on its rate with very short escapement arms, and Uses 
when these arms are too long. 

His well-deserved reputation as an experimenter, is a suffi- 
cient guarantee of the value of these determinations and the 
truth of the conclusions to which he was led. They are in 
complete accord with our own results as well as tliosc recorded 
in the following article. 

FIFTU ESPERIMEXT. 

245. — This form of experiment is due to M. Kessels, of 
Altona, an artist whose work is fully sufficient to justify the 
European celebrity to which he has attained. 

The inference to be drawn from the observation, first 
described in 1848, does not seem to have been grasped by 
any author. 

Kessels established the fact that pallets with long arms, as 
were formerly employed, ‘‘ have the grave defect of interfering 
with the isochronism, since the wheel causes a losing rate by 
its action on the locking surface,” and this can be verified by 
simply disengaging the pendulum from the escajjcmcnt when it 
is immediately observed to gain on its rate. 

After havingvery appreciably shortened the pallet arms(from 
30 lines to 5| lines), he showed that he had nearly attained to 
isochronism, and ho found “a clear proof that this escape- 
ment, when working nearer to the centre, does not, in the smallest 
degree, interfere with the natural oscillations of the pendulum,” 
which, when left independent of the movement, had a slight 
tendency to lose amounting to a fraction of a second in twenty- 
four hours. 

The effect would have been more marked with shorter arms, 
but the above result, obtained frequently by Kessels, is quite 
sufficient, since it has been proved by the observations of so 
practised an horologist, with very perfect means of verification 
at his disposal, that when the pallets are long there would be a 
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loss and ■when very short a gain in the rate of the attached 
pendulum as comjiared with that of the detached one. 

Kessels seems to have been hardly aware of the discovery 
which he was on the verge of making, for, after admitting that 
the impulse communicated to the long and short arms was the 
same, he observes: “ The main point is that the action on the 
Mcking surfaces is practically reduced to zero ; ” for otherwise 
he would have noticed that we could not possibly assume that, 
with the experiment so arranged, the friction could gradually 
diminish and ultimately become zero anywhere except at the 
axis of rotation of the pallets. By giving this limiting value to 
the friction at any other point he iiractically admitted that the 
effect produced by shortening the arm beyond a definite point 
must be the converse of that caused by lengthening it beyond 
that point. 

246. — The above experiments, taken in conjunction with 
the considerations which follow, will enable us to lay down 
some practical rules for determining the best length for the 
escapement arms of clocks and watches. 

The useful effect of the impulse varies with the height of 
the inclined plane employed to transmit the motive force 
to the balance. 

247. — Some modern authors have relied solely on the 
unvarying principle that what is gained in force is lost in 
velocity or space passed through, and conversely ; and, remem- 
bering that by increasing the height of an impulse curve its 
rate of advance is diminished in a similar proportion, they have 
asserted that, neglecting friction, the extent of the lift is a 
matter of indifference ; they further state that when friction is 
taken into consideration the tangential incline imparts the 
greatest amount of motion to the balance. 

This latter assertion is entirely gratuitous and in direct 
contradiction to observed facts. 

The fallacy which renders the above conclusions erroneous 
lies in the fact that the several mobiles are considered either 
when only commencing their motion or in a statical condition. 

Under these circumstances the moderator of an escapement 
is, so to speak, in repose ; it is of no service. In order that its 
effect may be felt it is first necessary that it be moving, in 
other words we can only regard it when in action, that is in a 
dynamical condition. 



132 THEOBY OF ESCAPEMENTS WITH FKICTIONAI. BEST. 


What, then, is a moderator of an escapement? It is merely 
a body moving in consequence of an impulse imparted to it, 
and retreating in front of another body; as this latter starts 
from a state of rest, it cannot overtake the moderator unless 
travelling with a greater velocity (38). 

348. — Let A (fig. 20) be the half-shell of a cylinder rotat- 
ing as in a watch that beats 18,000 vibrations in tln^ hour, and 
let its arc of vibration be 270®. 

The resistance occasioned by inertia, friction, and oil, 
prevents the escape- wheel from immediately attaining to a 
velocity in excess of that of the balance. 

Assume for illastration that cb represents the distance 



travelled by the point b during the extremely short period of 
time occupied by the wlieel in traversing the arc contained 
between two consecutive teeth. 

It is evident without demonstration that if the height of 
the inclined plane of the tooth be c by this incline will follow 
the shell of the cylinder without pressing against it ; this latter 
will retire in front of it, and the arc of 270“ will rapidly 
decrease, finally remaining stationary at something materially 
less than 270®. 

This circumstance did not escape F. Callct, the mathema- 
tician, as will be seen from a study of his memoir on escape- 
ments. 

We thus conclude that in employing an inclined plane to 
transmit the action of a motor to an oscillating body, the 
energy of the impulse will increase and the arc of oscillation 
will become more and more extended if the height of the 
incline be gradually increased from zero up to a certain limit 
which we shall presently determine (351). 

SIXTH XXFSSIltXNT. 

240. — Wo have made the following experiments, which 



HEIGHT OF THE INCLINE. — EXPERIMENTS. 


133 


anyone can easily repeat for himself, in order to practically 
demonstrate the truth of these theoretical deductions. 

The escape wheel of a cylinder watch, in which the balance 
traversed a mean arc of 260°, was replaced by one with loss 
inclined impulse curves, and we would specially mention that 
this latter had the advantage in being lighter and better made. 
With the new escape- wheel, however, although the friction was 
much less, the mean vibration of the balance was only between 
210° and 220°. 


BEYKKTH EXFBBIUEKT. 

250. — This is another form of the same experiment. In 
order to perform it we constructed an apparatus (fig. 6, 
jdate III.), consisting of a lever A, mounted on pivots and balanced 
by a counterpoise weight 1. At its opposite end an inclined 
plane c is centred on a pin h perpendicular to its surface. This 
plane is held between two plates of which only one h is visible ; 
it can be fixed in any position by a clamping screw / working 
in a slot, and the inclination can therefore be varied as required. 

The weight y is to impart motion to the lever. 

A projecting steel strip g is fixed in the disc n, movable on a 
long pivot to which the pendulum p is attached. Through the 
action of this pendulum the disc oscillates in a manner analogous 
to the cylinder of a horizontal watch. 

The experiment is conducted as follows, the apparatus 
being placed vertically : 

Tlie rounded corner h of the impulse curve is placed on the 
outer face of the strip g, and the bob p being held at a sufficient 
distance to the right by a fine thread, this thread is cut. The 
pendulum oscillates and the impulse curve acts on the edge of 
the strip g exactly as the inclined plane of an escape-wheel 
tooth acts on the edge of a cylinder when this latter is in 
motion through an impulse previously imparted to it. 

In the course of the experiments we adopted the device of 
covering the rubbing face of the incline wuth a layer of lamp- 
black. 

If.the motion of the pendulum be sufficiently rapid and the 
inclination of the plane but slight, the entire length of tlie 
impulse curve may pass in front of the edge without touching it. 

When the inclination was a little greater only the heel of 
I;he incline rubbed against the lip. The exact length of the 
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portion of the plane that came in contact with this edge was 
clearly shown by the removal of the black layer. . 

As the angle was gradually increased the line of black so 
removed was seen to extend from the heel towards the point of 
the plane until at a moderate inclination the plane was observed 
to rub throughout its entire length. 

It will thus be seen that practice as well as theory, and 
with an equal amount of authority, shows how groat an error is 
made by those watchmakers who pretend that, neglecting 
friction, the exact inclination of the impulse plane is a matter 
of indifference. Another proof of the correctness of the j^ropo- 
sition above laid down is afforded by the following article. 

There Is only one dci;rce of inclination for the Impulse 
plane by which the maximum movement can be secured 
with the greatest regularity. 

251, — ^We have just shown that if the inclination of the 
impulse curve be increased from a very small amount, the 
length of the surface that comes in contact with the cylinder 
edge becomes gradually greater until a certain height of the 
incline is reached when this contact takes place along its entire 
length. 

We will for the present ignore these results; it will be 
easy by means of the theoretical considerations contained in 
the Introduction to demonstrate that the energy of impulse 
varies directly with the length of the impulse curve that comes 
into actual contact with the edge of the escapement arm, or 
very nearly so; and thus, that the maximum effect is obtained 
when the length of contact is the greatest possible, that is when 
it is equal to the length of the plane itself. 

Consider the two triangles a d 6 and c 2, or simply the 
inclines ad,ed (fig. 21). 

The actual height of the plane is only a matter of indiffer- 
ence when the total mechanical effect is the same in the two 
cases. Here, however, this effect must differ materially. 

An escape-wheel, when commencing its motion, must expend 
a very insignificant amount of force in neutralizing the resistance 
due to its own inertia and to oil, since it is essential, in order that 
this force may attain a maximum, that similar opposition duo 
to oil and inertia be first overcome in the train itself. From 
this it follows that even although the space a c bo traversed 
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out of contact with the edge of the escapement arm, the blow 
on the point c possesses but little energy, and it rather occasions 
a loss of force than any increment in the velocity with which 
the cylinder travels. 

Even assuming that the impact performed any useful work, 



Fig. 21. 

the small plane cd would still be required to travel with a 
velocity more than double that which it possesses. 

So many and various arc the resistances opposed to sucli 
an acceleration in its movement that one could not, even pro- 
visionally, admit it to be possible; these are: (1) the elastic 
reaction the impact; (2) the radius of the wheel being greater 
at c than it is at o ; (3) the reaction of the balance and balance- 
spring which could only double their velocity of motion if in- 
fluenced by a far greater impelling force ; and (4) the small- 
ness of the interval c d which, after deducting an extremely 
brief period of rest due to the impact, does not give the wheel 
time to attain to any considerable velocity. 

The instrument shown in fig. 5, plate III., will serve to 
practically demonstrate this fact. It must for this purpose 
work in a horizontal plane, the pendulum p being replaced by 
a balance e e provided with a balance-spring of moderate 
strength. If this experiment be performed with the pendulum 
the slight variations that occur are difficult to detect, 

253. — It may then be considered as theoretically and 
practically proved that the extent of the oscillatory movement 
of the moderator will increase rapidly (providing the impelling 
force is sufficient and remains constant) as we gradually elevate 
the impulse curve from zero to a height which has to be deter- 
mined. 



186 THEORY OF ESCAPEMENTS WITH FRICTIONAL REST. 


Pisadrantages of too great an elevation of the incline. 

258 . — It remains to be shown, before the demonstration 
can be regarded as complete, that beyond this limit the ampli- 
tude of oscillation does not increase in proportion as we increase 
the lifting angle; on the contrary, it slowly decreases and 
ultimately the motion would entirely cease if tlie height of the 
impulse curve were made excessive. 

Let R (fig. 6, plate III.) represent the resistance opposed to 
the motion of this plane ; i r its length, and h a the least height 
with which contact occurs throughout the entire length b r. 

Draw the planes y b, b such that they are respectively 
inclined twice and thrice as much as h r. 

These heights will give a measure of the amounts by which 
the point r, representing the edge of a semi-cylindrical shell 
capable of a rotatory movement about its axis, is displaced ; in 
each case this centre of rotation is situated on the horizontal 
line passing through the middle of the inclined plane under 
consideration. 

The angles », /, », represent the angles of lift correspond- 
ing to an entire motion of translation of each plane in the 
direction indicated by the arrow. 

We may now calculate the force exerted by each incline 
by dividing its base by its height ( 184 ); this gives : — 

For the plane h R, f = 5 5 or 55 
>> 35 9 ^^ V ~ 2*5 or 25 

53 33 P K, xV'.r ~ or 15 

It thus appears that by applying to each a force of 1 they 
would be enabled to overcome resistances in the proportion 
of 55 : 25 : 15. 

We see, then, that if, when the plane r i is employed, this 
force of 1 is capable of raising the body r to its full height, 
double that force will be required to produce a similar effect 
when By is employed, and, with the plane r/3, three times its 
amount. The resistances that have to bo overcome are con- 
siderably greater than these values indicate when friction, 
which we have hitherto neglected, is taken into account, as it 
absorbs a gradually increasing proportion of the motive force. 

254 . — But every increase in the force brings with it various 
sources of irregularity due to excessive friction and the wear of 
rubbing surfaces, since the energy with which these are pressed 
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together is too great in comparison with the resistance opposed 
by the material of which they arc formed. 

These mechanical truths can be demonstrated by means of 
the instrument already described and represented in fig. 5, 
plate III. 

Tlko incline whicb makes contact throngliout its entire length transmits the force with 

a maximum regularity. 

355. — We have now proved that : 

(!)• Those impulse curves which are only effective over a 
portion of their surface do not impel the balance with an energy 
proportionate to the motive force applied, and they give rise to 
impacts (46); (2) an inclination in excess of the least by which 
contact throughout the entire length is secured, in future called 
the mean incline, occasions friction and a resolution of force 
of gradually increasing intensity (67). 

In one case, then, there is a deficient impulse and disturb- 
ing impacts, and in the other, excessive force and pressures of 
a destructive nature with no counteracting advantage. It is 
thus evident, without any further demonstration, that by adopt- 
ing the mean incline we secure a maximum of regularity in the 
impulses communicated to the moderator with a minimum of 
wear of the rubbing surfaces. 

To determine the height of the impulse curre. 

356. — If the several actions constituting a lift of the escape- 
ment could be mathematically considered in an exhaustive 
manner we should doubtless be able to accurately prescribe the 
height of inclined plane that is best adapted to any given escape- 
ment. But such a work w'ould involve serious difficulties ; it 
would be essential that certain data, the friction for example, 
should be accurately ascertained, and these at present are un- 
known to us, and would require for their determination experi- 
ments of extreme delicacy. The subject, moreover, could only be 
efficiently considered by scientific men of a high order, and the 
few who exist are not much encouraged to undertake so laborious 
a research by the uncomplimentary terms in which they are 
referred to in certain writings on Horology. 

Hence, if such a work ever is undertaken, it will probably 
be long before it is accomplished. Fortunately for our art 
experience coupled with observation affords us a means of 
supplying this want sufficiently for all practical purposes. 

357. — The entire arc of oscillation of a balance consists of: 
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(1 ) tlie Kfting arc, and (2) the supplementary arc (94). Retain- 
ing the motive force constant, cause the amount of lift to vary 
by gradually increasing the inclination of the impulse plane ; 
commencing with a very slight inclination we should find, if we 
properly applied the laws of Mechanics, that the supplementary 
arcs increase more rapidly than the lifting arcs before we reach 
the mean incline, and, beyond this point, the reverse is the case. 
We thus arrive at this remarkable result, that the mean incline 
gives the maximum supplementary arc, and, as a natural conse- 
quence, the most certain timing. 

Besides the above we can resort to a mechanical means for 
determining this height of the incline ; and we can deduce from 
it a method for ascertaining the requisite motive force and the 
height of the incline, as soon as the entire arc of oscillation and 
the number of beats per hour arc fixed upon. 

EIGHTH EXPBSIUEKT. 

258. — We employed several escape-wheels that could bo 
fitted on to one and the same pinion. The chord of the impulse 
curve passed through the centre of the cylinder. 

The following were the results obtained : 

Ist wheel, lift 60° (35° on one side) — arc of oscillation 26C“. 

2nd „ „ i0°(2i° „ „ )- „ „ 255°. 

The proportions : — 35 : 266 :: 1 : .v — 7*6 
24 : 255 :: 1 : .v = 10 6 
give the following ratios : 

1st wheel. — The lifting arc is to the total arc as 1 : 7'6 

2nd ,, ,, ,, ,, 1 ; 10'6 

and, deducting the complete lifting arc from the arc of oscilla- 
tion, we have : — 

1st wheel — ^supplementary arc 200*. 

2nd ,, ,, ,, 215*. 

NIKTH EXPEBIUENT. 

259. — Two other wheels were now employed. They wore 
of equal diameter, so that, as long as the distance apart of the 
centres remained constant, the total lift in the two cases was the 
same, notwithstanding the fact that the slope of the incline in 
wheel No. 4 was less than that of No. 3. 

3rd wheel, total lift 40*, arc of oscillation 245®. 

4th ,, ,, ,, 40®, ,, ,, 220®. 



PROPORTION OF MODERATOR TO ESCAPEMENT ARMS. 139^ 


and, deducting the lifting arcs from the arcs of oscillation, 

3rd wheel — supplementary arc 205®. 

4th „ „ „ 180®. 

By slightly increasing the distance between the centres, so 
that the impulse plane of wheel No. 4 cut through the centre 
of the cylinder, the total lift could be reduced by 6° or 10® 
without the extent of vibration being sensibly affected, and the 
supplementary arc remained between 185® and 190®. 

It is essential in performing experiments of this latter 
nature that the motive force be absolutely invariable, for every 
change in this force involves a variation in the height of the 
plane; the amount of force and the dimensions usually met 
with should therefore be employed. The introduction of masses 
and forces much out of proportion might occasion error. 

.4ny change in the dimensions of the Moderator involves 

an alteration of the ratio between the impelling force 

and the pressure on the resting surfaces. 

260 . — Take an accurately regulated escapement provided 
with a pendulum beating half seconds, and replace this succes- 
sively by others beating seconds and quarter seconds. From 
such a change another necessarily follows ; the velocity of the 
wheel will be half the original amount with the longer pen- 
dulum, and twice as rapid wdtli the shorter one. 

The friction on the locking surfaces remains the same, 
while the energy of the impulse varies considerably in conse- 
quence of the changes in the velocity of the wheel (28). 

Isochronism, wliich was secured with the intermediate 
pendulum, ceases to exist with the other two ; and the dispro- 
portion existing between the pressure on the locking surface 
and the energy of impulse can be easily observed by the great 
variations in the rate of the escapement as the motive force is 
gradually increased. 

So long as the amount of lift remains unaltered, these 
variations can only bo avoided by modifying the radius of rest 
in accordance with the change in the energy of impulse. 

261 . — If we make a purely logical deduction from the 
laws of mechanics (99 to 104 ), this circumstance will merely 
enable us to conclude that the existence of a certain relation between 
the length of the escapement arms and the dimensions of the moderator 
is one of the conditions of good timing ; we are compelled only ta 
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Rdopt these general terms by our unvarying practice of 
supporting each proposition by an appropriate experiment. 

262. — All escapements are subject to this law as regards 
he proportioning of their several parts ; but it is specially im- 
portant when employing the annular balance to take account 
of: (1) The mode of action of the balance-spring, for it differs 
from the pendulum in nearly always making the long arcs of 
■\dbration quicker than the short arcs; (2) the change which 
any variation in the weight of the moderator oecasions in the 
friction of the pivots. 

TIKTH EXFKBIMENT. 

263. — This experiment is due to M. Henri Robert, and is 
described in Moinet’s Treatise: “I constructed a clock with 
very great care, and it was so arranged that four different 
ascapements could be adapted to it without involving any other 
change whatever. I will only describe the results obtained by 
employing alternately two forces in the proportion of 2 to 3, 
and from these experiments it will be seen that the greater the 
length of the escapement arms in relation to the length of the pen- 
dtduni, the more marked is the effect which differences in the motive 
force have on the period of the oscillations f 

The author gave a table of his experiments in his work 
entitled £tudes sur diverses questions d^horlogerie. 

ELETENTH EXFEBIHENT. 

264. — The aim of this and the following experiment was 
to show clearly the relation between the two terms of the law 
we are considering when applied to the escapement with a 
pendulum, or with an annular balance. 

I arranged a small clock train in the manner shown in 
figure 7, plate III. The movement is enclosed in a box c c. 
The axis of the centre wheel is prolonged downwards, and 
provided with a pulley p on which is coiled a cord /carrying a 
small driving weight m, hooked on so that it can be removed 
when requisite. The cylinder escapement is fixed on the upper 
plate, the circular balance being replaced by a small bar 1, 1, of 
rectangular section, terminated at its extremities by two small 
hinged arms carrying heavy masses b, b. 

The object of such an arrangement will be manifest; by 
bending the arms inwards, so that the heavy masses approach 
the centre of rotation of the cylinder, exactly the same effect is 
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produced as if balances of different diameters, but constant 
weight, were successively employed. 

When the train is in action, the finger o, fixed on the axis 
of the centre wheel, either traverses a dial, or starts from an 
initial mark ; four complete revolutions are equivalent to 8,815 
vibrations of the balance. 

The cord was wound on to the pulley, and a weight of 7*5 
grammes attached to its extremity; the 8,815 vibrations were 
accomplished 

In 34 minutes 53 seconds when the heavy masseswere at 1, 1 ; 

>> ?? n » 2, 2. 

Similar experiments were made employing a driving 
weight of 30 grammes, and the 8,815 vibrations occupied 

34 minutes 44 seconds with the heavy masses at 1, 1 ; 

42 „ 85 „ ,, ,, ,, 2, 2. 

It should be noted that with the smaller balance the arc of 
vibration was 10® greater than with the larger one w'hcn the 
motive force of 7*5 grammes was employed, and the same was 
the case with the force of 30 grammes. 

The above results show that by applying four times the 
impelling force, a variation of 3 seconds occurred with the 
larger balance, and as much as 9 seconds with the smaller. 
The sensibility of the escapement, in fact, in this latter case, 
became considerable, so that it had but little effect in counter- 
acting any inequalities in the motive force. Now, since nothing 
was changed in the escapement except the size of the balance, 
this negative result can evidently only be due to the change 
from the relation initially existing between the lever that receives 
and transmits the impelling force, and the moment of inertia of 
the balance; this lever performs the double function of com- 
municating motion to the balance, and then, in a measure, 
opposing its motion (103). 

We shall subsequently revci’t to these experiments, and, 
at present, only consider them in so far as they are directly 
applicable to the subject we are discussing. 

TWELFTH EXPEBIUKXT. 

265. — The part taken by the balance-spring in the experi- 
ment above described is of the highest importance, for to it is 
due the gain which occurs during the longer arcs occasioned by 
the superior force. Were it not for the balance-spring a retard- 
ation would occur on increasing the amplitude of the oscillations.- 
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In order to demonstrate this experimentally, I removed 
the balance-spring, as well as one of the heavy masses. The 
movement was then placed at such an inclination that the 
heavy mass remaining acted the part of a small pendulum, and 
its action was substituted for that of the spring. I could thus 
obtain, as required, pendulums of the same weight but different 
lengths by merely changing the position of the mass. 

With a driving weight of 5 grammes, the two pendulums 
completed 6,611 vibrations as follows : — 

Short Pendulum, in 14 m. 9^ s. Arc of oscillation 120®. 
Long „ „ 19 m. 30 s. „ „ 100®. 

And with the motive force increased to 15 grammes ; — 

Short Pendulum, in 17 m. 53^ s. Arc of oscillation 200®, 
Long „ ,, 22 m. 40 s. „ „ 185®. 

The retardation caused by increasing the energy of impulse 
was 3 minutes 10 seconds in the case of the longer pendulum, 
and as much as 3 minutes 44 seconds with the shorter. The 
excessive loss in the latter case, being due to the pressure on 
the locking surfaces, clearly indicates that the radius of rest is 
relatively much too long for this short pendulum, or, to use the 
workshop term, the cylinder is too large for its balance. 

We shall deduce some further interesting and novel con- 
clusions from these experiments ; they will be given in their 
proper place. 

The size of the £scape«wbeel is not a matter of iudilTorcnce. 

366 . — The dimensions of the escape-wheel cannot be arbi- 
trarily decided upon ; they are a function of the velocity which 
the wheel itself can acquire, the effective height of the impulse 
plane ( 351 ), and the amount of friction on the lifting surface. 

Let us consider an escape-wheel whose dimensions are 
double those of another wheel j and assume the smaller of these 
to be of a convenient size. 

Two cases immediately present themselves; the larger 
wheel may have the same number of teeth as the smaller or 
twice that number. 

In the first case, the two levers, namely, the power lever 
or the radius of the wheel and the resistance lever or the arm 
of the escapement, are magnified in the same proportions, so 
that the ratio remains constant ; thus all the conditions are tho 
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same as in the original case except that the resistances due to 
inertia and friction are altered. 

When all the dimensions are doubled the mass will be 
magnified eight times, and the resistance due to inertia will 
increase in consequence. The friction of the pivots would 
become greater with every increase of the pressure and the 
amount of friction on the lifting surface must be from two to 
four times as great. The influence of the oil would become 
more sensible. 

There will thus be produced a want of promptitude in the 
commencement of the wheel’s motion, a necessity for increasing 
the motive power, and of modifying the height of the impulse 
plane ; and, lastly, all the inconveniences already enumerated 
in the articles on resistance and elsewhere (254). 

267. — In the second case, where the dimensions of only 
the wheel itself are doubled (the original wheel being assumed 
of a convenient size), the resistances opposed to its motion will 
increase in the manner indicated above, and, moreover, its 
angular path is reduced one half, the impelling force also being 
diminished in proportion as the lever arm is increased. Such 
a wheel will not only fail to act on the lifting edge throughout 
its entire length, but it will never have sufficient time to attain 
its maximum velocity (28). 

This large wffieel will bo incapable of performing the work 
previously done by the smaller one, which it replaces, except by 
the application of an additional amount of motive force, and 
this excess of force introduces, as we well know, a whole string 
of causes of irregularity and wear. And this is easily under- 
stood when it is remembered that in order to double instantane- 
ously the velocity of a moving body it is necessary to employ 
four times as great a force. 

268. — The size of the wheel, then, is closely related to the 
velocity which any point on its circumference can acquire 
during the lifting action; that is to say, the size must be 
regulated by the velocity possessed by the moderator, since this 
velocity gives a direct meaoure of the height of the impulse 
curve. The dimensions of the escape-wheel, then, must vary 
with the nature of the escapement and the number of oscilla- 
tions performed by it in a given time. 

It is quite impossible to calculate what this proportion 
should be, but we can determine it or, at any rate, ascertain its 
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approximate value by experiment, taking the following 
condition as a basis; diminish the diameter of the escape- 
wheel, if a more rapid and energetic action is required, and 
increase it in a contrary case. 

We shall subsequently explain the practical means which 
it seems advisable to adopt in order to determine the size of 
the wheel. 

Important Observations;— Conclusion. 

209.— The foregoing considerations appear to justify the 
following conclusion; success in timing in escapements with 
frictional rest depends on the inter-relation of all the parts, on 
the securing of a proper proportion between the moment of 
inertia, the impelling force, and the length of the radius of 
rest, or, in other words, of a kind of equilibrium between the 
powers and the resistance.s, the former only exceeding the latter 
by the very minute amount of energy that is lost at each 
oscillation of the balance. 

270. — The problem appears at first sight to be simpler 
than it really is. It is not merely necessary to arrange the 
mechanism so that it shall maintain its rate of timekeeping 
under given initial conditions, it must be reliable in the future, 
that is to say, it must neutralize the causes of irregularity 
which time introduces. 

The motive force communicated to the escapement 
gradually diminishes through the thickening of the oil and the 
wear of surfaces that arc not so formed as to resist it ; and, 
concurrently with this weakening of the force, the resistance at 
the locking surfaces increases until the proportion which 
originally existed between the impulse and the correcting 
pressure is entirely destroyed. Why does a recently cleaned 
watch go ? Clearly because the power in action is greater than 
the resistance ; and why does a watch stop when the oil has 
become thick, if it is not that the resistance on the locking 
surfaces has so increased as to be greater than the impelling 
force ? 

One element in an escapement, namely friction, varies with 
the material employed and the degree of polish given to it, as 
well as with time, the nature of the oil, and the extent to which 
it is decomposed. Changes in the condition of rubbing surfaces 
(for example, in one arm of the escapement as compared with 
the other) may exert a contrary influence. 
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371. — The mode of suspension of a pendulum requires to 
he carefully considered, for the support will exert an amount of 
influence on the rate dependent on its greater or less freedom. 

The balance-spring will be subsequently discussed. It will 
be seen to afford us a most complete solution, so far as regards 
the escapements of watches, of the problem whose elements we 
have been discussing. 

273. — In every escapement the lifting action is of primary 
importance. Practical men should tlioroughly acquaint them- 
selves with the principles laid doAvu in the Introduction (94 to 
101 ), for it is essential that the lift take place under conditions 
which are as favourable as possible to the timing and the 
accuracy of the several actions, and involve a minimum of 
impact. Each impact of appreciable energy is liable to derange 
or render variable some of the effects, in addition to entailing 
the inconveniences already pointed out. 

A body at the commencement of its movement wiU, if not 
impeded by any obstacle, travel for a certain period with a 
uniformly accelerated motion. Were such the case during the 
lift, the escape-wheel would fall on to the locking surface when 
travelling with considerable velocity, and the impact against 
the locking surface would destroy some of the energy of the 
balance ; the exact amount so destroyed would become greater 
as the velocity of the wheel was increased. 

It is advisable then to ascertain for the given conditions 
which of the three kinds of motion, uniformly accelerated, 
uniform or uniformly retarded, can be employed during the lift 
with the greatest advantage. 

A uniformly retarded lifting motion, when equal arcs are 
traversed by the balance in equal times, generally, in conse- 
quence of the acceleration in the velocity of the balance during 
the lift, corresponds to a uniform angular movement of the wheel. 


RULES FOR CONSTRUCTING THE CYLINDER ESCAPEMENT, DEDUCED 
FROM THEORY AND EXPERIENCE. 

The Form of the Teeth. 

373. — It has been shown by extracts from Jodin’s work 
(199), the very guarded note by Moinot (307), and by the 
general considerations which precede article 311, that the 

10 
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determination of the best form to be given to the impulse plane 
has made no progress for the last fifty years, and that the 
suggested improvements have been no more than old blunders 
advanced as though they were novelties ; discussed, subjected 
to the test of experiment, and finally decided upon long ago 
by Jodin. 

When ignorant men officiously put forward their notions 
as laws it matters little ; but it is much to be regretted when 
authors of ability, ignoring that safe guide, experience, assert 
the results of childish speculation to be rules of practice ; the 
most they can do is to mislead young apprentices and dis- 
courage studious workmen by causing doubts in their minds 
as to the use of science. 

Straip-lit and Curv'ed Inriincs. 

274. — It is impossible to give an answer to tlie question, 
“ AWiat is the most advantageous form for tlie incline in a 
Cylinder Escapement ? ” until the properties, good and bad, of 
every possible form have been shown by the help of theoretical 
laws corroborated by carefully conducted experiments. 
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275. — If the three forms of incline, (1) rectilinear, (2) a 
curve described with the radius of the wheel, (3) a greater 
curvature at the commencement than towards the end of the 
incline, be studied in the manner already indicated, it will bo 
found that : 
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376. — ^When the radius of curvature of the impulse curve 
is the same as that of the wheel, ai c (fig. 22), the angular 
movement of this wheel corresponds very approximately with 
that of the balance. But the motion of the balance under the 
pressure of the wheel is gradually accelerated, whence it follows 
that the motion of this wheel itself can be considered to be 
uniformly accelerated. 

277. — When the incline is straight, a x Cy the angular 
displacement of the wheel becomes gradually less than that of 
the balance, but since the balance accelerates its movement, as 
we have already remarked, it naturally follows that the motion 
of the wheel is very nearly uniform, for it loses on the cylinder, 
and this is known to be accelerated. 

278. — Lastly, when the incline is much curved at its point, 
ah Cy the angular displacement of the tooth is at first very slight, 
but increases with great rapidity. It traverses its effective 
path with a gradually increased acceleration and, completing the 
latter portion of the lift with great rapidity, falls with violence 
on to the locking surface. These impacts are easily detected 
even by an unpractised car.* 

Inclines of Pronounced Curvature. 

279. — An incline having a face of pronounced curvature, 
especially if this be towards the point of the tooth as represented 
by the arc ah c (fig. 22), is absolutely useless. 

As we have already seen, when the tooth is shaped thus, it 
is almost stoj)j)ed immediately on commencing its motion 
through its very short angular path, and only attains a 
maximum velocity towards the end of the lift. A groat portion 
of this lift then is nothing more than a sliding action, or, rather, 
a very long drop ; its most obvious effect is to disarrange the 
entire system by the impact that occurs (46), and to absorb a 
portion of the vis viva of the balance, thus diminishing the 
extent of the oscillation (373). 

With the form of tooth now under discussion a part of the 

* The lines s nlj h (fig. 22), divide the space traversed by the tooth during a 
lift into six equal parts ; the arcs 1, 2, C, 4, 6, divide the displacement of the edge of 
the cylinder into the same number of equal parts. The figure shows that the curve 
ai having a radius equal to that of the wheel, passes through the points at which s 
cuts the line 1, n the line 2, and so on. 

As to the curve ah c onc’-sixth of its displacement c s, corresponds to iioo-sixths 
of the displacement of the cylindcrj 0 to 2 ; at first it moves with half the rapidity of 
the cylinder, but it very soon commences to increase its velocity. The reverse is the 
case with the straight plane axe. 
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lengtli of the incline simply glides past the lip, and the blow on 
the locking surface is so violent that, with some escapements, the 
heel of the tooth rebounds against the shell, producing a noise 
analogous to that which is occasioned by the coils of the balance- 
spring coming in contact with each other. This effect may be 
prevented by slightly working down the planes of the teeth. 

EXPEBIMENT. 

280. — Many Geneva watches, though well made and of 
sufficient thickness, are very liable to bank, even when the 
original mainspring has been replaced by one much weaker, 
and giving six turns. In such a case it is only necessary to so 
work down the escaiie-whoel teeth as to slightly removo the 
heel end of the inclined plane, and banking will be prevented. 
For such an operation has the effect of changing the incline 
into one which is more curved towards the point, and 
flattened towards the heel; hence there wdll be a greater 
velocity acquired when the drop occurs, and, as a consequence, 
a diminution in the amplitude of the oscillation of the balance, 
for it is thus deprived of some of the energy it had acquired. 

"We shall, in the sequel, give the results of further experi- 
ments, but we must at once deprecate entirely the use of a curve 
of pronounced convexity, and we can confidently assert, having 
made the experiment to our cost, that watches constructed 
according to the principles which are held by the advocates of 
curves of this form are, as a rule, very bad timekeepers. 

lucliucs wbicli are straight or very slightly curved. 

281. — The only curve that can be adoj^ted Avith any advan- 
tage is the one described with the radius of the wheel itself (276). 

We w’ill give, side by side, the properties of this curve and of 
a straight plane, but before doing so must here make a correction. 
It has reference to a point which, trusting to certain authors, 
we assumed, in the first edition of this Avork, to be proA^ed. 

It is there stated that : “ In the cylinder escapement, Avhen 
the tooth leaves the locking surface, the wheel, in Adrtue of the 
laws of inertia, is incapable of commencing its motion instan- 
taneously. There is an imperceptible period of stoppage, and, 
since the cylinder is travelling with considerable velocity (18,000 
vibrations an hour), the tooth does not touch the edge Avith its 
point, but with a part of its surface rather more distant from the 
axis of rotation of the wheel. 
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“It may be conceived tliat with a straight incline the 
■space traversed before contact is greater than when it is curved ; 
and this truth may be easily shown by means of a figure. 
Assume that, at the moment when they should touch, the edge 
has reached the position a (fig. 23). The point o on the curved 
incline and r on the straight one will be the points at which 
-contact occurs.” 

383. — The first observation of these authors is legitimate, 
but it requires modification; it is always confirmed when 
■examined by means of the heavy instruments used for demon- 
stration, in which a certain mass of matter is set in motion, but 
in the escapements of watches, if the surface of the incline be 
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Fig. 23. 

covered with a thin layer of a substance such as lampblack, it 
is very difficult and generally impossible to prove that any kind 
of plane could pass without contact taking place. 

This unexpected result, very often confirmed, would he 
•extremely awkward, but a little reflection will soon show the 
cause of the apparent contradiction, 

383. — An examination of several cylinder escape-wheels 
will at once show that tlie points of the tcetli are not shai’p, 
but that they arc terminated by small arcs of circles as seen 
at a? c (fig. 23). 

The radius of curvature of this portion will be greater in 
■comparison to the length of the incline as the dimensions of the 
escapement become less. 

Contact with the locking surfaces occurs at c, and wo will 
assume that, in consequence of the resistance caused by inertia, 
oil, &c., the space traversed by the tooth without influencing 
the cylinder is equal to a tenth of the length of the incline or 
else to the arc x <?, the wheel being entirely unconstrained. It 
necessarily follows that the first contact of the plane with the 
lip will take place at the point n if the tooth has a very sharp 
point and the plane be straight, and at the point ar, if the 
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extremity of the tooth is rounded. In the latter case the 
distance between x and c on the tooth of such a small wheel is; 
so very slight as to be almost inappreciable even with a power- 
ful eye-glass. 

This method of verifying will only enable the observer to> 
clearly detect the differences, in the case of certain kinds of 
watches, when the angle of the inclined plane is very acute. 

Properties of the straight incline. 

384, — The advocates of a straight incline, when comparing 
it with the curved form, claim for it the following advantages : 

It occasions less friction since the rubbing surface is- 
shorter ; 

The resolution of the force is identically the same at each 
point ; 

Lastly, it occasions a greater motion of the balance. 

Of all these advantages claimed for it, none of which they 
support by experiment, only one is real, and that is the last. 

385. — The resolution of the force does not remain pre- 
cisely the same at each point ; and, as regards the comparison 
of the total amounts of friction with the straight and the 
curved incline, if these are made to depend merely on the 
length of the rubbing face, the conclusion arrived at can only 
be false, for it is based on a wrong principle. 

In truth, what we must consider is not an infinitely small 
difference of length, wdiich is quite beyond our powers of 
measuring, but the intensity of the friction that takes place 
against the cylinder edges. The straight incline exerts a more 
energetic pressure, and, since all friction is proportional to the 
pressure (38), it follows that, so far from the curved surface 
causing an excessive friction, it is, on the contrary, the one 
which occasions least. 

280. — AY e have already seen that the wheel with straight 
inclines moves slower during the latter portion of the lift, and 
thus the impact on the locking surfaces is less. Greater pres- 
sure on the cylinder edges, a less amount of drop ; these are 
more than sufficient to account for the greater extent of the 
vibration secured by the straight incline. 

Properties of the cuired incline. 

387. — The advocates of an incline of such a curvature 
that each equal portion causes the balance to describe an arc of 
equal extent, say: 
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It obviates setting during the act of winding up the watch ; 

The lift takes place with greater regularity ; 

Less resistance is opposed by the balance-spring towards 
the end of the lift. 

All these advantages are utterly illusory ; the one point of 
importance is omitted. 

288. — There is no likelihood of a modem cylinder escape- 
ment, if well made, setting at the moment of winding ; hence 
it is quite unnecessary to take precautions against a fault which 
does not exist. 

The regularity of lift, so far from being beneficial, is a 
disadvantage, .since it can only be obtained by accelerating the 
angular movement of the wheel (276) and increasing the drop. 

With regard to the increased resistance of the balance- 
spring, tliis is only an unproved hypothesis that has originated 
in the persistency with which some authors regard this spring 
just as it is abandoning a state of rest and not when travelling 
in virtue of a rapid movement ahready acquired. We shall have 
to revert to this subject. 

One test, which would bo crucial, of the existence of the 
several qualities claimed as belonging to the curved incline we 
arc now considering, would be that it favom’cd the extension of 
the supplementary arc; but as a matter of fact just the contrary 
effect is observed. 

289. — I’he real practical advantage of the emwed incline 
is that the lift occurs under a but slight pressure, and the fric- 
tion is more evenly distributed. We must be permitted the use 
of this latter expression, as we arc unable to find one that better 
conveys our meaning. 

Resume. 

290. — With a curved incline then: — harsh drop; slight 
pressure on the cylinder edges. 

With the straight incline : — slight drop ; excessive pressure 
on the edges. 

It necessarily follows that, when there is identity in every 
other particular : 

The straight incline gives somewhat longer supplementary 
arcs, but the wear of the edges will be rather more rapid. 

The curved incline will ensure the edges resisting wear* for 
a greater period of time, but will give rise to a loss of some 
degrees in the amplitude of the oscillation. 
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These theoretical conclusions, which are strictly verified 
in practice, indicate most clearly the one true solution. It is 
this: 

291 , — The impulse curve should have a very sliyht curvature 
intermediate between the straight line and the curve we have 
been considering. 

When employing this incline of slight curvature the extent 
of the oscillation will be approximately equal to that which 
results from the action of a straight plane and, the friction on 
the lips being somewhat less, the rubbing surfaces will resist 
wear longer. 

293. — It is not necessary to consider the wear that may 
occur on the locking sm'faces; there has hardly ever been a 
case of a well-made escapement w'earing at this point. The 
edges are always the first to suffer. 

AVe have said nothing with reference to the slightly 
concave incline, suggested by some authors ; it would only 
hasten the destruction of the edges of the cylinder, and may 
therefore be disregarded. 

293. — As we shall prove by the experiments described 
below, theory and practice are entirely in harmony as to this 
question. But we would first draw attention to the immense 
amount of time that w^atchmakers have wasted in discussions at 
once idle and fruitless, which too often tended not to set forth 
principles but to make a parade of their own self-love, since the 
conclusion we have come to, the only true one, is exactly the 
solution arrived at by Jodin and formulated by him more 
than a hundred years ago ! 


EXPERIMENTS. 

294. — “ In questions of this nature,” says Moinet, “ argu- 
ment may very easily mislead, and it is therefore safer to 
resort to experiment.” We have followed the sound advice 
of this author, and the results at which we have arrived fully 
confirm the accuracy of the above theoretical deductions. 

We would beg our confreres to do as we have done. Then 
will come to an end the useless discussions that have been 
revived almost annually for the last hundred years, and must 
be interminable, as they depend on the exact use of language 
or on so-called mechanical principles which, however, science 
does not recognize. 
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First Experiment. 

295. — A cylinder escape-wheel, constructed with care and 
accuracy, was fitted to an escape-wheel pinion. The curve of 
the incline was very nearly that usually adopted at the present 
day ; the lift was as much as 60“ and the balance had a mean 
oscillation of 260“. 

After these preliminary observations had been made the 
wheel was removed, and the curved inclines reduced and 
polished with very great care in such a manner that the extreme 
points of tlie plane were in no case touched, the wheel being 
then restored to its position in the watch. On winding this up 
the mean oscillation was found to be from 266“ to 270“ ; that is, 
from 6“ to 10“ more than when the curved pianos were employed. 

Second Experiment. 

296. — This was precisely the same as the one just described, 
except that another wheel giving a lift of 40“ was employed. 

The result was similar, but the differences were somewhat 
greater. This wo consider to have been due to the fact that 
tlio friction on the cylinder edges was slightly reduced (253). 

The initial arc of oscillation of 245“ was raised to between 
260“ and 265 ” by emj:.oying the wheel with its inclines reduced ; 
tliat is, there was a gain of from 15“ to 20“ by using this latter. 

Third Experiment. 

297. — With a view to render these practical demonstrations 
more complete, and to supply an answer to an objection which, 
though not serious, might be raised, namely, that the weight of 
the wheel was altered by the reducing of the teeth, Ave eniplo^'ed 
in this experiment the apparatus described at page 136, and 
represented in fig. 5, plate III. 

To the extremity of the lover a were fixed two inclines 
ut a short distance apart, and in planes parallel to each other. 
One of them, c, was straight, and the other, t/, had a curved 
face. They were rigidly connected together, and could bo 
caused to rotate round a centre h. 

They had two points in common, namely the points and 
heels which were directly superposed, so that the total lift was 
the same whichever acted on the strip g. This strip, it should 
be noticed, is provided with a slot, and thus the incline d is 
allowed to pass without contact when c acts on the edge of the 
strip ; and, when the incline d is required to act on the edge, it 
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only becomes necessary to depress the whole system e h b, by 
means of a small adjusting screw placed under the instrument. 
The incline d can then act on the edge of the strip, while the 
plane c passes above it. 

A small spring or pawl cr, is screwed on the ami A in such a 
manner as to rest against the rim of the disc ii immediately the 
impulse is completed. By easing the screw, z can be slightly 
rotated so as not to come in contact with the disc. 

208. — The apparatus when thus arranged is available for 
three classes of experiment. 

1. To ascertain the impelling force of each form of incline 
on a body which tmais freely on its axis. (In this case z must 
be turned aside.) 

2. To determine the difference in the movement occasioned 
by the two planes when the impulse terminates with an impact, 
after which a continuous pressure is brought to boar on the 
moving body. This is precisely the case of a cylinder escape- 
ment when in action. (The spring c must be so placed as to 
press against the diso immediately on the plane quitting the 
edge of the strip g. The pressure on the rim will then always 
occur with the same radius of rest, and the rubbing surface 
will, in every case, be the same.) 

3. To establish the relative values of the impacts on the 
locking surfaces with each form of impulse plane. 

Care is necessary to conform as much as possible to the 
conditions actually met with in horology ; if the forces or 
velocities are too gi'eat or too small, contradictory results may 
be obtained. The incline must in each case act throughout 
its entire length. 

299. — The mode of action of the instrument has been 
already explained at page 133. Every experiment was repeated 
several times under conditions that were identical for each 
incline. 

With the spring z brought into play so as to correspond 
to a locking action on the edge of the disc h, at the instant at 
which the heel of the incline escapes from the strip g, the 
greatest arc of oscillation was obtained by employing the 
straight incline c. 

It is specially interesting to examine the energy of the 
drop, for it is found to vary with the incline employed ; the 
plug ifc, sliding with friction, is adapted to the instrument for the 
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purpose of measuring this energy. If e be removed, the lever 
A falls on the head of this plug or piston as a support, and the 
space through which it is driven gives a measure of the impact. 

From numerous experiments, although h was held by the 
spring with considerable firmness, we have ascertained that it 
is forced at least two or three millimetres lower with a curved 
than with a stralglit incline. 

Concludins remarks on the Straight Incline. 

300. — Berthoud employed a straight impulse plane in his 
marine chronometer No. 8, and this was the best he ever 
produced. As a modem writer has observed, and as is quite in 
keeping with Berthoud’s character, he would never adopt a 
system that was in favour with his opponents unless thoroughly 
convinced that it possc.ssed real advantages. 

Jodin and Jurgensen as.sert that this form gives the greatest 
possible extent of vibration. 

Lastly, of modern horologlsts, M. Henri Robert came to- 
the same conclusion as the result of his experiments. 

We might add to this list the names of several provincial 
watchmakers (for example, M. Foucher, of Bourges) who have 
studied the subject experimentally and satisfied themselves 
that straight inclines always secure a slight increase in the arc 
of oscillation. 

We are then fully justified in considering the question as 
having been exhaustively discussed both theoretically and 
practically, and in retorting to those who dispute the facts: 
Experiment under projjer conditions and then judge! 

301. — Possessing as it docs this immense advantage, which 
is arrived at both by pure reasoning and by practice, the 
straight incline would have triumphed had not the very same 
theoretical considerations which, as it were, brought to light 
the advantages of the form, indicated with equal clearness the 
objections to its use. 

For we have seen that the pressure on the edges of the 
cylinder is greater with a straight than with a cun ed incline, 
and hence it follows that these edges, which as a rule are the 
only portions of the cylinder subject to wear, will withstand the 
pressure of the straight impulse plane for a shorter period ; and 
this is precisely what the long experience of old watchjobbers 
has proved incontestably. But wc would at the same time 
observe that, although with the commoner class of watches 
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worn or pitted cylinders are most frequently met with when 
the inclines are straight, it is only fair to remember that in the 
best workmanship, where the escapement is carefully made, 
perfect cylinders are often met with after they have worked 
against straight inclines for twenty years or even more. 

It is as well to draw attention to this fact, wdiich proves 
what all watchmakers know, namely, that it is possible to make 
excellent cylinder escapements where the inclines are straight, 
but to argue from such a fact that this form of plane secures a 
minimum of friction, and that manufacturers sliould abandon 
the slightly curved form at present in vogue is to draw two 
false conclusions from a single incomplete observation. Our 
readers doubtless now look at the matter in its true light, but 
in order finally to do away with an eironcous impression we 
will make a few further observations. 

302. — Besides occasioning an increased pressure, the 
straight incline projects less frcmi the pillar of the tooth, Sf» 
that the oil is drawn avvuy from it and retained by the pillar. 
To avoid such a fault of construction and cause of wear it 
becomes necessary to make the pillar very thin, or else to load 
the circumference of the wheel by making the teeth large ; and 
both these extremes have objections. 

303. — We have repaired a great number of old watches 
with straight inclines, and we would specially cite two which 
had been going uninterruptedly for forty-three and forty-eight 
years, and the continuous contact of the tooth had occasioned 
nothing but very slight marks on the edges of the cylinder. 

Does this demonstrate the comjdete superiority of the 
straight incline? No, decidedly not; but we have endeavoured 
to ascertain the cause of this remarkable preservation of the 
frictional surfaces in many of the older cylinders, and it was 
neither long nor difficult of discovery. 

The old cylinder esca^iements with a steel wheel were 
made by the very best workmen of the day, and they took the 
greatest possible care in selecting the metal and in the operation 
of hardening by which it is so easy to utterly ruin the steel. 
Their cylinders were made of hammered steel, while those of 
the present day are always of drawn steel ; a very important 
difference, for the texture of the steel in the two cases differs 
■considerably; the first kind requires a less degree of heat in 
hardening, and can be polished better and more evenly. 
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We should foci that we were doing an injustice to the 
common sense of competent watchmakers if we pointed out the 
conclusions to which the above comparison leads ; conclusions 
that show clearly how great a mistake modem manufacturers 
would make were they to replace the slight curvature they have 
adopted by the rectilineal form of incline. 

la it necessary that the form of Incline bear any relation to 
the variable resistance of the Balance-spring t 

304 « — The attempt to give the incline such a form that the 
motive force shall be proportional to the gradually increasing 
resistance of the balance-spring is the result of a fallacy. 

The fault which this so-called improvement professes to 
neutralize docs not exist. 

Those authors who regard the balance-spring as an 
impediment to the lifting action, make a mistake, because they 
consider it when at rest or starting from a condition of rest, 
and not when in a state ot motion ; and they forget that this 
spring, besides having opposed a considerable reaction to the 
force which wound it up, possesses, in virtue of the laws of 
elasticity and inertia, a tendency to continue in motion, as is 
the case with all moving bodies. 

If we examine minutely the series of operations involved 
in the going of a watch, we shall soon perceive that at the 
commencement of the lift, the balance-spring assists the motion 
and impels the balance ; but as soon as this latter has taken up 
the imjjulse, its velocity is in excess of that of the balance- 
spring, and it drags this along with it. The balance then is 
influenced by the balance-spi-ing, but in opposite directions at 
the beginning and end of the lead ; and further, the resistance 
of the balance-spring at the end of the lead depends solely 
on the action which the wheel exerts on the balance. 

It seems evident, without a demonstration being necessar}', 
that the greatest action of the motor, that is of the escape- 
wheel, should, if possible, occur at the commencement of the 
lift ; this force, acting on the balance when less constrained, 
will communicate a greater velocity to it, and the balance, 
possessing an increased momentum, will acquire a greater 
energy ; its oscillation therefore will be of greater extent. 

The height of the Impulse Plane Is the only exact measure 

of the lillt. 

305 . — As Moinet has observed, authors often do not agree 
on the subject of the lift ; and this is hardly to be wondered at, 
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since some measure the total lift and others only the lift on one 
side, a quantity which is not exactly half of the total lift. 

We must at the outset, then, carefully distinguish the 
real lift from the lift as measured by the methods ordinarily 
in use. 

306. — The Real Lift is the arc described by any point on the 
balance during the passage of the entire length of the incline in 
contact with one edge of the cylinder^ and this lift (a b or c i, fig. 24) 
when doubled gives the total real lift ; the only exact measure of 
the force exerted by a given impulse plane. 

30!?. — The Apparent Lift is the circular arc enclosed 
between the two points marJeed on the plate (0" and 40”) and 
corresponding to the ends of the two semi-lifts. These two jioints 
enable us to ascertain where each semi-lift terminates, but do 
not indicate the jioints at which they commence. Tlie central 
point, however, placed between the two that indicate the 
extremities of the lifting arc, {d, fig. 24) gives us the means of 
ascertaining them. Every watchmaker must have observed 


A 



Fig. 24. 


Ilow rarely an escapement is met with whose wheel commences 
its movement, that is the lift, exactly when the mark on the 
balance is opposite the central point d ; tlie wheel nearly always 
begins the lift 2”, 4”, G”, or even 10“ in advance. It is evident 
that these amounts should bo included in each semi-lift to which 
they belong, and that if three escapements possess a lift of 
40" between the two marks, but the semi-lifts commence 
respectively 2”, 5”, and 10" in advance of the centre, the period 
of action of the inclined plan is represented not by 40", but by 
44”, 50°, and 60". Thus, every conceivable form of tootli, 
whatever be the inclination of its impulse curve, would give, 
providing the diameter of the wheel (measuring the heels of the 
planes) were constant, a constant total lift, although differing 
materially in impelling force. 

308.— We thus see how great a mistake is committed by 
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those who advocate only one total lift (0" to 40”, fig. 24) for all 
escapements, and how it is that, in practice, we seldom meet 
with escapements of about the same dimensions which give a 
total lift of 40" and whoso impelling forces differ materially. 

309. — The real lift is invariable since it depends solely on 
the height of the plane ; liut the apparent lift varies with the 
opening of the cylinder, and also depends on its pitch with the 
escape- wheel. As has been already seen it is deceptive, often 
to the extent of nearly a third of the length of the impulse 
plane, thus ignoring the one tiling that it is especially im- 
portant to deduce from it, namely the impelling force as cal- 
culated from the height of the plane. 

310. — Let it be for the future understood that the lift 
always means an entire passage of the incline in contact with 
one edge of the cylindei’, and that in order to asccx’tain the 
total real lift it is only necessary to double the amount thus 
obtained. 

Every watchmaker who fails to make this distinction 
between the two kinds of lift will be always liable to fall into 
serious error, and will bo perpetnallf/ deceiving himself as to the 
effect produced hy a variation of the distance apart of the centres of 
rotation of the two mobiles (IJ). 

The chord of the arc of the incline should pass through 
the axis of the Cyliiitler. 

Tin- Urop. 

311. — It has been shown in the Introduction (40) that 
whenever movement is transmitted, except in certain special 
cases, it is necessary to provide against impacts, which, in 
addition to occasioning a shake, cause both wear and a dissi- 
pation of force. 

Every watchmaker has observed the effect of the drop on 
the extent of vibration, and how* difficult it is to secure a per- 
manent rate with an escapement in which the drops are exces- 
sive ; this is especially the case when the outside drop is too 
great. This latter icmark has not been made before by any 
author. It gives expression to a fact which skilful practical 
men cannot fail to recognize, and Avhose cause is clearh' in- 
dicated by theory. 

The outside drop has a greater effect on the going cf the 
escapement, because (1) it occurs at the extremity of a longer 
arm of resistance ; (2) the friction of the point of the tooth at 
the instant of contact is what is known as engaging friction 
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( 105 ), and its resistance is therefore more marked than that of 
the internal friction. It is easy to perceive why the force exerted 
by this backward contact, as it may be called, becomes greater 
as the drop is increased. (These considerations will enable us to 
explain why a cylinder is always more deeply and more rapidly 
pitted on the external than on the internal locking surface.) 

With a tangential escapement the fault would be less 
conspicuous since the friction would no longer be engaging; 
but it is useless to further discuss this case for it will bo sub- 
sequently seen that with such an escapement it is impossible to 
secure vibrations of the requisite extent. 

To insure that the drop is no more than sufficient to secure 
the proper action of the mechanism, it is of the first importance 
that the middle of a straight incline correspond to the centre 
of the cylinder. The external drop will be the greater, as it 
diverges in either du’ectiou from this point. 

It will bo seen that in the separating and bringing together 
of the mobiles, we .shall have a practical means of ascertaining 
when the middle of the straight incline corresponds to the 
centre from the fact that it is the position in which the external 
drop is a minimum. 

These considerations only apply to the case of a straight 
impulse plane, for it represents the diameter of the cylinder, and 



the curved incline is somewhat above it as shown at ii (fig. 25 ). 

312» — The older watchmakers adjusted the escapement so 
that the middle of the straight plane came rather beyond the 
centre of the cylinder, in order that the point of rest might be 
tangential ; among modern makers it is universally recognized 
that more is lost by making the outside drop excessive than is 
gained by a slight diminution of the friction during rest. 

Some watchmakers at the present day, who from insufficient 
knowledge are not in a position to judge correctly as to the 
cause of the circumstances which they observe, have assorted 
that they obtained a greater regularity by making the middle 
of the plane fall a little short of the centre of the cylinder. 
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This result often occurs with cylinders that are much 
closed, and it is in no way remarkable. It only proves two 
things : firstly, the ignorance of those who exalted into a law 
what is only a simple isolated fact; and, secondly, that the 
escapement had been badly proportioned, since it was found 
neccssaiy to render the friction on the locking surface more 
harsh, in order to secure the most efficient proportion between 
tlie powers and the resistances. It is no more- than a case of 
one fault being compensated by another. 

313 . — A series of experiments, conducted on a number of 
watches, have satisfied us that: (1) the escaiie-wlioel tooth would 
occupy the most favourable position in the cylinder w'hen the 
line drawn from the heel to the point (of contact) of the tooth 
passes through the ccnti’o of the cylinder; (2) if, when the 
tooth is thus placed, the vibration is constrained or of 
insufficient extent, this must be considered as due either to the 
escapement being badly made, or to its being ill-proportioned as 
a whole to the motive force communicated to it. 

Except in certain few cases, wdiich could be easily explained 
on other grounds, we have ascertained that by setting the 
plane beyond the diametral position, the extent of the vibration 
is hardly increased, even by the number of degrees added to 
the lifting arc, and the escapement is made more sensitive to 
changes in the consistency of the oil; and further, if this 
incline is set short of the centre (unless the cylinder bo very 
slightly cut away) several degrees of oscillation are lost. 

We only give here the indisputable results of our experi- 
ments; it w'ould be impossible to give the minute details which 
their description would require, and this has, moreover, been 
done very fully in the Revue Chronometrique. 

> The height of Impulse Curve and the Kiift. 

314 . — The angle between the base of the tooth and 
the inclined plane varies materially with different authors. 
Thus, wdiilo M. Wagner says it should only be G®, it is nearly 
10® according to Berthoud and Moinet, and finally 12® is 
recommended by Tavan. 

These numbers correspond to a wdieel of fifteen teeth, and 
they are inapplicable in the case of a wheel with either more 
or less teeth. If the angle of the tooth be in each case the 
same, a wheel with fewer teeth will give a greater lift, and a 
greater number will cause the lift to decrease. 
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Each of tho above quantities represents half of the lift that 
occurs on one side, or a quarter of the total real lift* ; we thus 
obtain for tho entire real lift, 24®, 40°, 48°. We are then 
utterly embarrassed in our selection ; one single definite value is 
needed, and throe are presented varying from 24° to double 
this amount. According to one authority, when a lift of 12° on 
cither side is exceeded, no corresponding increase occurs in the 
impulse communicated to the balance, and tliis can be easily 
demonstrated by the aid of geometry and the laws of the 
inclined plane. Another says from practical experience it ajipcars 
that the inclination giving 24° of lift on cither side “ is tho most 
convenient that can be adopted.” 

While endeavouring to ascertain the truth, wc arc at once 
met by a glaring contradiction between theory and practice ; 
but be it observed that wc have proved there to be no more want 
of harmony in this case than in a thousand otlicr similar cases. 
The contradiction is only between the authors themselves, who, 
influencedby various prejudices, have each looked at only one 
aspect of the question, and have thus been led, one to apply 
erroneously a principle that is scrupulously exact, and the other 
to deduce a general rule from a practical result, which, though 
confirmed in most cases, is not so in all. 

What has been said above on this subject (347 and the 
following articles) should abundantly suffice ; but as we arc 
dealing with a false impression that is very deeply rooted, we 
will add some further considerations. 

315. — Modern watchmakers, who arc satisfied that it is 
necessary both to compel the point of repose to act tangentially to 
the cylinder, and at the same time to keep the centre of rotation 
of the cylinder on the chord of the impulse curve, never support 
their statement, which after all is only a personal opinion, by 
any exj^erimental evidence whatever. 

Amongst other mistakes, they assert that watchmakers 
have hitherto misconstrued all the laws of matter in not making 
the rest tangential. 

One cannot agree to such a statement, unless, indeed, it be 

* It is proved in geometry that the angle subtended by a given arc at the centre 
of a circle is double that subtended by the same arc at its circumference. Thus, if 
the angle ran (fig 25) is 12°, tho angle r m n subtended at the circumference by tho 
same arc, r tz, will be half this amount or 6^, and consequently ^lio angle between the 
base and the incline of an escape* wheel tooth must equal one half the angle of lift (as 
measured at the centre) or, what amounts to the same thing, a quarter of the total real 
lift. 



TANGENTIAL ESCAPING. 


163 


tidmitted iliat the artists who, for the most part eminent, 
have successively studied the cylinder escapement during the 
last century, have all been ignorant of the fact that, with the 
oscapement tangential, the friction on the locking surfaces is 
least detrimental ; and we must further suppose that they 
adopted a contrary principle blindly, without making any 
careful study of tlie subject. References to their own experi- 
ments, Avhich are found scattered through their writings, arc 
sufficient to prove that such was not the ease, and that so far 
from undervaluing tlic tangential rest, it was precisely the 
position which they adoi^ted from the very first. If they did 
abandon the system, it was only after mature consideration, 
and when cxjierience had j)rovcd that its advantages did not 
counterbalance its objections. 

316 . — That the middle point of the chord of the plane, that 
is the line joining its point and heel, should not go beyond the 
centre of tlie cylinder, has been already demonstrated ( 311 , etc.) ; 
but from this condition it necessarily follows that, in order for 
the escapement to be tangential, the angle between the impulse 
plane and the base should nf)t exceed G". 

Draw on a large scale the exact form of the tooth required 
for a tangential escapement (a, fig. 26), and side by side with 
it describe the same tooth (b), in accordance with the data 
given by practice. Every practical man would imhesitatingly 
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assert the impossibility of ensuring a good timing when the 
height of the teeth is as small as that represented at a. 

Theory fully explains the causes of this observed fact 
(347, etc.}. In connection with it wc will refer to the following : 

317 . — Not so very long ago the watchmakers of Geneva 
concluded, from the theory then in favour, that an escapement 
would be improved by reducing the inclination of the impulse 
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plane to a minimum. The great majority of the watches of 
that period exhibit the error here referred to, and these same 
watches, while still having a lift of about 30% have long been 
an annoyance to watch jobbers, who are good judges on such a 
matter. They are unanimous in asserting that as soon as the 
oil has lost its initial fluidity such watches arc difficult to time, 
go very irregularly, and have short vibrations; and that, in 
consequence, they require frequent cleaning, very strong 
mainsprings, etc. Where, then, is tlie advantage in a slight 
inclination if it renders the watch a worse timekeeper, and 
requires a more powerful spring ? And what after this can be 
expected of a tangential impulse plane ? 

All that has been said above is directly applicable to 
the callipers of watch actually in use, but the ct)nditions 
eniunerated in paragraph 320 must be taken into account. 

AccclerntinR and Retarding Forres. 

318 . — The action of the Avheel on the cylinder is, as we 
have shown, of a composite nature : during the lift, the motive 
force accelerates the movement already acquired by the 
balance ; during the locking, this same force constrains the 
movement, checking it more and more. 

In the first edition of this work, in oi-dcr to simplify the 
study of escapements, w'e cmjjloycd the terms, accdcralin^ force, 
to indicate the power which is acting during the lift, and 
■retarding force, for the pressure on the locking surfaces, and wo 
propose to retain these expressions. 

The extent of motion of the balance is closely dependent 
on the j)roportlon existing between these two forces ; and when 
the most convenient ratio has been secured with a given motive 
force, it is necessary to modify it in accordance with every 
increase or diminution in that motive force, however slight the 
change may be. 

The reason for these results has been clearly shown from 
theoretical considerations ( 103 , etc.) and we will here only add 
some experimental evidence in support of it. 

Every watchmaker is aware that if the motive force in 
many carriage clocks with horizontal escapements be suddenly 
increased, by pressing the centre wheel for example, the vibra- 
tions are seen to quickly become greater, they then fall off, 
and ultimately are entirely arrested. Can this be due to 
anything but the accelerating force, first increasing in excess of 
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the retarding force, then falling short of it, and finally being 
•completely overpowered by this pressure on the cylinder ? 

319. — Theory and practice have alike shown (348 to 353) 
that as the inclination of the impulse plane is increased from 
•i4ero, the motive force remaining the same, the accelerating force 
increases rapidly ; but this is only up to a certain limit, beyond 
which the excessive elevation involves such inconveniences as the 
following: ioo large a cylinder , the employment of too long a power- 
arm towards the end of the lift^ a setting which results from the deficiency 
of force and involves the application of an increased motive force ^ etc. 

330. — From what has been said it follows as a necessary 
consequence, which docs not appear to have been hitherto 
noticed by either authors or practical men, that: the force 
acting at the extremity of the power lever (the radius of the wheel) 
is the sole datum from which to ascertain the height of the incline. 

But experience has shown that in watches of average thick- 
ness there is sufBcicnt motive force, and that it cannot be 
increased without at the same time multiplying the som'ces of 
wear, and therefore the question now under discussion may bo 
expressed in the following terms : 

The motive force Icing known (assumed to be sufficient) what in- 
clination must be given to the impulse plane in order to produce an oscil- 
lation of about 270° without there being any occasion to fear a setting 1 

Such a question is beyond the range of calculation, and can 
only be resolved experimentally. But the results thus obtained 
Avill suffice, and the very precise conclusions to which they lead 
will be found under the heading : Rules for Determining the 
Dimensions of a Cylinder Escapement. 

The lieisht of the plane must vary with the size of the watch. 

331. — Assuming every detail of a large and small watch to 
bo in proportion, the height of the impulse j)lane, as conqiared 
with the several dimensions of the machine, ought to be greater 
in the small than in the large watch. 

We will presently examine the results of experiment on 
this subject; but it seems necessary first to study it theoretically. 

The angular motion of small balances is more rapid than 
in the case of larger ones (Theory of the Balance) ; they move 
more instantaneously under the influence of the wheel. Hence it 
becomes necessary to either reduce the number of teeth of the 
•escape-wheel, or increase the height of the incline (348). 

The question is further complicated in the case of the 
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Bitiall watch ; the angular movement of the wliool, or rathci- 
the facility -with which it commences its motion, appears, 
when eveiy’^thing is accurately proportioned, to be the converse 
of that of the balance as regard promptness, and to vary 
inversely with the size of the watch ; this must be considered tO’ 
be due to the resistances occasioned by friction, and the viscosity 
of oil, resistances which become appreciable when opposed by 
forces so minute as those influencing the escapement in a small 
watch. Moreover, an increased rajjidity in the movement of 
the escape-wheel would entail the expenditure of a greater force 
in order to overcome inertia ( 12 *). We have, then, ground for 
believing that the promptitude with wliich the wheel commences 
its motion is not in jwoportion to the velocity acquired by tho- 
balancc, and hence it becomes essential to increase the inclina- 
tion of the impulse plane. 

The weight of the balance, as we have seen, has a certain 
amount of influence on the differences in the heights of these- 
inclines. The existence of such diflcrences cannot be questioned 
at the present day, but, to the best of our knowledge, attention 
has never before been directed to them ; it can, however, only 
bo doubted by such as are utterly ignorant of the laws of 
Mechanics ancl the empirical rules of jnactical Ilorolog}', 

323. — In the Swiss and French factories, Avhcrc unfor- 
tunately theoretical instruction is sadly deficient, or even quite 
neglected, but where there are at the same time a certain 
number of skilled and intelligent workmen, these two con- 
tradictory facts may bo observed; a mean lift of 40“ in the^ 
cylinder escapement has been generally adopted for the last 
sixty years, and yet on measuring the angle of the incline in 
a great number of good Geneva watches, both large and 
small, one is astonished at the immense differences met with. 
By what unaccountable instinct are these select workmen, 
who for the most part have the advantage of observations 
made by their predecessors, led to consistently make the 
inclination gi’catcr when the wheels are small, than with large 
wheels? Is it not because experience, that great master iii 
horology, has proved to them that it is necessary ? 

Question the superior class of watch-examiners, and it will 
be found that they are often unable to time very small watches 
until after replacing the escape-wheels by others, in which the* 
imjiulse planes are much inclined. 
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Influence of the Weight of the Bnlanee on the Height of 

the Incline. 

333 . — The force that neutralizes the inertia of a body varies 
%vith its mass. ( 33 ). 

If two detached pendulums of equal length, say one yard, 
be suspended freely and one be provided with a very heav}- 
bf)b, and the other with a very light one, it w'ill be observed 
that after setting them in motion the latter will come to rest 
after a few minutes have elapsed, whereas the former will con- 
tinue its oscillatory movement for a long period. 

If, instead of two j)ciidulums, we employ two annular 
balances without spi’ings or l)an]dng ]>ins, but w'ith pivots of 
equal dimensions, in fact alike in cveiy respect except that they 
differ materially as regards the weight of rim, it will be found 
on giving each a movement of rotation that the lighter balance 
will come to rest in a few seconds, whereas the heavier will 
continue its motion for several minutes. 

An analogous effect will be produced when each is provided 
W'ith a suitable balance-spring. 

334 . — All these effects, dependent as they arc on the law 
of inertia given above, a law which we have endeavoured to 
bring home to the reader by well known examples, clearly 
show that ; 

335 . — With a light balance, having but little mass, such, 
as is met Avilh in very small Avatches, it is necessary that: (1) 
the mjnilse he communicated more frequently ; (2) the accelerating 
force be proportmiatcly greater ; (3) the friction on the locking 
surfaces be reduced. 

336 . — And that the balances of large AA^atches, having an 
appreciable mass, require as compared with smaller balances : 
(1) a relatively greater effort to set them in motion; (2) a rela- 
tively less force to maintain this motion ; (3) less frequent application 
of this impulse, since the heavy balance continues moving for a 
longer period. 

337 . — An increased inclination of the impulse plane in the 
smaller escapements will satisfy the conditions (2) and (3) of 
article 335 since the accelerating force will be thus increased. 
As regards (1) eA'cry watchmaker knows that it is impossible to 
regulate small watches Avhen the number of vibrations per hour 
is no greater than is adopted in the case of large watches. 
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83 $. — A decreased inclination in the case of escapements 
of larger dimensions will meet the reqiiirements (1) and (2) of 
article 3S6, for it will facilitate the starting of the escape- 
wheel, and at the same time transmit a smaller amount of 
force. As to (3) it is well known that the balance of a small 
watch should beat about 19,000 vibrations, 18,000 will suffice 
for a medium size watch, and 17,000, or even only 16,000, for 
those of the larger size (see Theory of the Balance). 

329. — It is in consequence of the same law, namely, that 
the greater the 7}/ass of a balance the greater will be the force 
required to set it in motion, but when once started it possesses 
in a proportionately increased degi’oe the power of continuing 
its movement, that the starting point of the escapement is not 
identical with the two classes of watches. Thus, except when 
the motive force is insufficient for th escapement, small watches 
should commence going with the second turn of the keg, watches of the 
ordinary size at the third turn, and the larger sized teatehes, pro- 
hably not till the fourth turn. This rule must be understood to 
be merely empirical, and in no sense binding. 

330. — It will be doubtless understood that the mechanical 
law we are now discussing suffices to explain the well-known 
fact that in small watches, even though all the ])arts be made 
in proportion to those of larger size, the angle of oscillation is 
always less than in these latter (necessarily causing an increase 
in the number of vibrations per hour); the balance has less 
mass, and therefore only a small amount of force is opposed to 
the resistance caused by the air, oil, friction, etc. 

331. — Having proved both theoretically and practically 
that the inclination of the impulse plane should vary in a 
certain definite manner with the size of the escapement, it 
remains for us to determine by careful observation and 
numerous experiments what heights arc most appropriate for 
each size of watch. Such observations and experiments, con- 
sidered in conjunction Avith the principles already laid doAvn as 
well as those contained in articles 323 to 330, liave led us to 
adopt the figures given in the following table, and Ave would 
add that a prolonged practical experience and a careful ex- 
amination of many escapements have convinced us of the 
excellence of these proportions. 
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The angle of the impulse plane should be such as to 
produce — 

f about 20** of lift on either side. 

In large watches ... j „ 40‘* „ total real lift. 

^ i „ 35® „ apparent lift. 

^ „ 25® „ lift on either side. 

In medium size watches ) „ 50® „ total real lift. 

( „ 40® „ apparent lift. 

( „ 30® „ lift on either side. 

In small watches ... ) „ 60® „ total real lift. 

( ,, 55® „ apparent lift.* 

These figures cannot be regarded as strictly accurate, for, 
however carefully two similar watches be constructed, one may be 
certain that the two wheels are not animated by the same power. 
But since the differences cannot be very great when they are 
well made, the data given above udll form an excellent guide. 

Many watchmakers will express surprise on seeing this 
table ; for they little know, not having any accurate means of 
verification, and not clearly distinguishing between the two kinds 
of lift (306 and 307 ), that they often have escapements in 
hand where the difference between the heights of the inclines 
is still greater than that indicated above. 

333. — These proportions, while being well suited to 
watches that arc thoroughly well made and of a good average 
thickness, must not, as we have already observed, bo regarded 
as fixed and invariable, but should be somewhat elastic, that is, 
they should depend on the force at our disposal ( 320 ) ; as a 
general ride, it is preferable to have the inclination a- little too great 
rather than too small. It is important to bear this fact in mind 
not only in connection with the repair of watches, but in its 
bearing on those in which the cylinder is formed of drawn 
steel, and only too often badly polished (not to mention tlic 
escape-wheel teeth which at times arc not polished at all). The 
friction on the locking surfaces is thus somewhat harsher than 
it should bo, and it becomes imperative, in order to secure fairly 
good going, to slightly increase the height of the impulse planes, 
thus augmenting the accelerating force. By so doing we onh' 
counteract a great fault by a smaller one ; but experience has 

* It will be well here to moke a practical observation : 

Whenever an escapement^ while satisfying the conditions given in the above table 
as well as those with regard to the opening given farther on, performs a vibration 
which is of insufEcient extent, it indicates that the motive force transinitted to the 
cylinder is deficient; this may be duo to bad depths, an inferior mainspring, the 
watdji being too thin or the last mobiles too large, etc. 
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long since proved the necessity of it in factories where inferior 
watches or even those of an average quality are produced. 
This explains the fact which has been noticed by every practical 
man, namely, that it is possible to judge of the relative 
qualities of the watches made in different factories by ex- 
amining the average height of the impulse planes. Thus on 
inspecting a considerable number of the watches manufactured 
at each centre of industry wo observe that, as a rule, the 
incline at Geneva is less than at Locle ; at Lode it is less than 
at Chaux-de-Fonds, etc. 

In conclusion we would add, tliat no watchinaker who has 
thoroughly mastered tlie principles wo liave explained, need ever 
feel at a loss whatever escapement he may be called upon to 
make or to repair, and that he will always be able, from his 
own personal observations, to ascertain the exact point of 
equilibrium between the accelerating and regarding forces. 


The openins of the Cylinder and the Form of its Edges. 

333. — The several authorities are, as we have already seen, 
very much divided on the first of these ijoints, and they make 
the dimensions of the half-shell to vary from 185” to lnor(^ 
than 200", or by no less than 15” or 17". In jn-actice the 
half-shell has for a long time past been made rather less 
than 200". But since experiemee has shown that a slight varia- 
tion on cither side of this amount has no appreciable influence 
on the extent of the vibrations, we are forced to admit that 
practice has come nearest to the truth, and has had the better 
of a certain kind of science, but, be it understood, this is im- 
properly applied science. 

What have the advocates of a considerable opening in 
view in their over- anxiety about friction? To diminish the 
period of rest. What experiments have they made on the 
subject? What evidence is there that a slight increase in 
the period of rest has any detrimental effect on the extent of 
the vibrations, on the wear of the several parts, or on the 
constancy of the timing? As to a proof, they always forget 
to give it; and this notwithstanding its being an indisputable 
fact that escapements with frictional rest go very badly when 
the periods of rest are much reduced ; while, besides this 
negative effect, we often meet with such escapements, in which 
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the periods of rest are considerable, not causing any practical 
inconvenience. 

It should be noted that Moinet, in referring to a long 
period of rest, speaks of tho “ obvious compensation that may 
result from it dependent on the amount of this friction.” 

334. — This disagreement between the several authorities is 
as easily accounted for as that which occurs amongst practical 
men. 

The question may be looked at from two aspects; two 
dangers have to be avoided, and one or the other appears to 
be the more important, according to the point of view from 
which the question is considered. 

When the cylinder is much cut away, or, to use the 
workshop term, very open, the vibration of the l>alancc is 
somewhat short. 

With a cylinder that is much dosed, the friction during 
the rest is more prolonged, and tho escapement becomes 
sluggish all the .sooner on account of the clogging of the oil. 

The two extrcme.s are equally inconvenient, and it there- 
fore becomes evident that by taking a mean we shall secure the 
best proimrtions. 

liut Avhere is tliis mean ? 

It cannot be accurately determined, depending as it docs 
on the resistance occasioned by the pressure on tho locking 
surfaces ; when this friction is at all harsh, its period should 
be reduced, and conversely Avhen such is not the case. 

In modern Avatches the half-shell is about 200°, and if the 
depths arc good, and tho inotiA'o force sufficient, the arc of 
o.scillation Avill not be less than 265'*. Witli a balance of the 
usual dimensions, such an amplitude is necessary in order to 
ensure the watch maintaining its rate. 

Take such a Avatch, and reduce the half-shell to only 185", 
all other conditions remaining as before. 

Since the actual im})ulso communicated to the cylinder is 
represented by the height of the inclined plane, it AA’ill remain 
the same as before. It requires no demonstration to show 
that, although the impulses are equal Avith these tAvo cylinders, 
tho supplementary arcs cannot fail to terminate 6" or 8° 
sooner on either side ; this amounts to a reduction in the total 
vibration, when tho cylinder is opened, of about 15°, a fraction of 
tho entire arc which Ave certainly cannot afford to despise (343.)' 
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It must not be forgotten that there is one consideration 
that overrides all others in this matter : it is the necessity, at 
all costs, of maintaining the vibrations of sufficient extent, since 
that alone is a guarantee of the timing, as it renders the balance 
capable of overcoming the resistances opposed to it. This fact 
seems to bo ignored by the advocates of very open cylinders. 
It is strange that they should not have noticed the possibility of 
reconciling these two s}'stems, as we proceed to show : and this 
result proves once more how advantageous it is to study, espe- 
cially in the case of an escapement, concuircnfly on paper and 
in the watch itself. 

The solution of the problem of the opening rests mainly on 
the form given to the lips. It has been partially solved in 
practice for a long time past ; but this has been either forgotten 
or disregarded by writers who had not had sufficient practical 
experience of the mechanism of which they wrote. 

Thr: form of the Lips. 

335 - — Several considerations should guide the watchmaker 
in determining the best form to bo given to the cylinder edges. 

It ought to possess the following advantages : — to reduce* 
the wear of the lips by distributing the friction ; to render tlie 
vibration more free by diminishing, as much as possible, the 
drop on to the locking surface ; to avoid in part the slight delay 
due to the inertia of the wheel and the oil. 

Any change in the opening of the cylinder renders neces- 
sary an alteration of the form of the lips. 

Engaging Lip. 

336 .— The best foi-ni for the great liji f)f a cylinder in 
which the half-shell measures 196” is a very fiat curve, as shown 
at n, fig. 4, plate I., and this has been studied experimentally 
on a large scale. It approximates very closely to a straight 
line directed towards a point below the incline of the small lip. 
The outer angle is rounded considerably, whereby the tooth is 
released more rapidly, and the shock of its entrance is reduced. 
The internal angle should be very slightly rounded, and the 
drop may thus be prevented from exceeding what is absolutely 
necessary. 

With such a form the friction of the impulse plane will be 
distributed as uniformly as possible over the entire surface of 
the lip; and it is all the more important to take this precaution 
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afyainst wear since the friction is that kiu)w'n as engaging 
friction. 

An inspection of the figure will show that the rounding off 
occupies at least 4® of circmnferencc. 

337 . — The second dotted form w, which, except as regards 
the rounding of its edges and a slight curvature of its surface, 
is very nearly as left by the file employed in cutting the 
cylinder, appears at first sight to apj)roximato to the form n. It 
nevertheless differs considerably, indeed to such an extent that 
in this case the entire friction of the impulse plane ocem-s 
against a narrow portion of the extremity of the edge, and the 
wear will therefore be proportionately greater. 

338 . — As to the circular form r, it is just the one of all 
others to be avoided, but it is to be found in the great majority 



Fig. 27. 

of cylinders. All the friction occurs near the middle point of 
the shell’s thickness, so that the drop is increased by the entire 
space included between the dotted lines a and b (fig. 27). 

Disenejaging Lip. 

339 .— The form w'hich the small lip is caused by w’car to 
assume has occasioned surprise to watchmakers who are often 
called upon to replace old cylinders. This wear, which leaves 
the external point of the lip untouched, is always greatest at a 
point which is not touched, or only slightly, by the impulse 
plane of the tooth, a fact tliat may easily be demonstrated by 
means of a somewhat enlarged model. Such a fact proves that 
the wear is mainly caused by the point of the tooth being badly 
rounded and insufficiently polished, and by the small drop of 
the w'heel as it leaves the locking surface. IIua ing ascertained 
this fact it remains for us to explain it. 

When the incline of the disengaging lip is of insufficient 
extent, the friction of the tooth occurs solely against the middle 
of this incline, and the heel of the tooth escapes from the lip 
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witbout ever coming in contact with its external portion ; the drop 
will thus be increased by the space between the lines c and d, fig.27. 

The form of lip that is best adapted to avoid these faUu|gs 
is a long flattened curve, so arranged tliat the tangent drawn at 
its centre (a p, fig. 4, plate I.) passes through the middle of the 
half-shell. We thus obtain tlie curved face d i h. 

If now this curve be compared with any other less elevated, 
for example, dv in the same figure, it will be seen that the space 
traversed before an impact against the lip occurs will be reduced 
in the first case bv tlie entire distance included between the 
curves d i i and d v. The friction of the tooth will no longer 
take place at the middle of the lip, but at its external point, and 
by this means the drop will be reduced and the impelling force 
increased, since it will be ajiplied at the extremity of a longer 
resistance lever. With regard to this friction on a .single point, 
there is no occasion to anticipate any ill effects from it, for it is 
of the nature of disengaging friction, and there is hardly a case 
on record of wear commencing at the external corner of the exit 
lip ; it is always at the internal angle of its incline that this lip 
is first affected. 

In a w'cll ])ro 2 )ortioned cylinder, tliis incline would occupy 
about 10” of circumferential arc, as is indicated in figure 4, 
plate I. Compared with the dimensions given by other 
authors, this amount may appear considerable, but if the 
dimensions of the disengaging lip in several cylinders by good 
makers be examined, one is surprised to see how closely, if not 
indeed exactly, they confonn to it. 

It will thus bo seen that the form of the lips may have a 
very great influence on the timing of the w^atch. 

The Extent of Opening. 

.‘140.— Having now ascertained the best form to bo given 
to the lips, it will bo easy to fix upon the exact opening of the 
cylinder. To the half-cii’cumforenco of 180” add 2” additional, 
for experience lias shown such an amount to be necessary, in 
order to ensui’o certainty in the jierformancc of the several 
functions. We thus have a total of 182"; add to this amount 4” 
on account of the rounding of the great lip (336) and 10” for 
the incline of the small lip (339), and we finally obtain 19G" as 
a measure of the half-shell.* 

• If it be remembered that the rounding of the points of tlie teeth must always 
cause the point of contact to be slightly below the line joining the point and heel (or 
the diameter of the cylinder), that it is impossible for all these touching points or for 
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This amount of opening combines the advantages aimed at 
by the advocates of both systems ; the impulse is applied to the 
cylinder under very advantageous conditions, and, since from 
the form of its lips all the good qualities of a more closed 
cylinder are secured unattended by its disadvantages, the extent 
of the vibration so far from being limited is always augmented. 
The friction that occurs on the locking surfaces differs very 
little in amount from that of a 185" cylinder, and the more 
effective impulse combined with a shorter drop gives an ampli- 
tude of oscillation which varies very little from that obtained 
with a 200" cylinder under ordinary conditions, and may even 
equal or exceed this amount. 

Experience leaves no room for doubting the advantage of 
using these proportions. 

On examining the forms of the cylinders produced by 
the best makers of the old school, who were taught by long- 
continued observation, handed down from father to son, we 
lind them to be in accordance with our principles. The 
amount of opening which these skilful watchmakci'S caused to 
be adopted as most satisfactory in the factories of Geneva, 
gave a half-shell of very little less than seven-twelfths the 
external dmmeter of the cylinder, proportions tliat coincide 
accurately with those given above. 

341 . — The opening sliould be the same for every escape- 
ment, with a lift of 40" or more, but it must be slightly 
augmented for the larger class of escapements with a lift of not 
more than 30", in order to prevent their setting. We have 
already learnt enough to know that in such a case no change of 
the kind could have any ill effect. 

343 .— The figure lOG" as a measure of the half-shell 
answers the requirements of practice in the very great majority 
of cases ; but it is not, neither can it be, in any way absolute, 
since the friction on the loc.king surfaces should depend on the 
greater or less energy of the impulse. 

tlio heels to lie on the same circumference, or for the impulse planes to be of 
mathematically equal Icugth ; if we take account of the play of pivots in their holes, 
the mechanical diliiculty involved in the very delicate operation of rounding the great 
lip to the requisite extent ; and, lastly, when it is observed that, as the locking point 
of the tooth is at z (fig. 4, plate I.) the interval rHn a cylinder barely one-hundredth 
the size of the figure will bo entremely minute ; it must bo admitted that no less 
amount can be relied upon to ensure the uniform working of the escapement* 

The locking point z is in practice about 4fi from the edge of the lip. 
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When the nature of this friction, or tlio too great length of 
its period, renders the escapement sensible to differences in the 
consistency of the oil, it is always best, instead of attempting to 
diminish the period of rest by any means, to reduce the diameter 
of the cylinder, that is to replace it by a smaller one. Such a 
chansre of course necessitates a new wheel as well, but this need 
occasion no difficulty at the present day, since wheels and 
cylinders of all dimensions can be obtained of the watch 
material dealers. 

EIPEEIMR-VTS, 

343 . — The following experiments were all made with a 
single cylinder acted on successively by three wheels, in whicli 
the height of the impulse planes varied. 

The opening was twice increased, the edges being re- 
formed and re-polished so that the half-shell approximately 
coiTcsponded in the three cases to 19G", 192“, and 185“. 

Observations made on the going in each case lead to the 
conclusion that in the generality of modern watches : 

1. There is a loss in the arc of vibration of at least as 
great an angle as that by which the half-shell is reduced, and 
sometimes even moi’c. 

2. A change in the opening has less influence on the 
extent of vibration than a change in the inclination of the 
impulse planes ; and indeed this must be the case, for the force 
exerted by the jflanc remains very nearly the same, even 
although the opening be somewhat increased or diminished. 

3. In the great majority of cases (the exceptions being 
certain w^atches with large heavy balances and a slow period of 
vibration) if the opening be made greater the impulse planes 
must have an increased height. 

4. By opening the cylinder so that the half-shell only 
exceeds a semi-circumference by the projection of the lips 
(giving a half-shell of 185®), and depressing the incline until it 
acts tangentially, a considerable proportion of the vibration 
is sacrificed in utter waste. 

Concluding Observations on the Opening. 

344 . — It is a fact well knowm to watch-jobbers that with 
cylinders open nearly to the centre, such, for example as those 
of 185®, the vibration is insufficient and can never be regu- 
lated satisfactorily. The edges of such cylinders should bo 
very little inclined or rounded j but, since in practice the precise 
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amount indicated by theory is almost always exceeded and the 
2° allowed as security is thus reduced to nothing, it results that 
the tooth falls against the comer of the lip and even on the lip 
itself, for the point of this tooth is not a sharp angle, and the 
point of contact is always slightly below the line of the straight 
incline. Then again one ean never be certain that the middle 
of this plane coincides with the centre of the cylinder, that the 
wheel is truly centred on its pivots; and even should this 
condition be satisfied and all the points of the teeth be on one 
and the same circumference (the cutting, hardening, and tem- 
pering arc quite sufficient to distort some of them), it is always 
found to be necessary to bring the cylinder nearer to the 
escape- wheel, and thus give rise to excessive drop on the 
outside or a constrained action within tlic cylinder. It must 
be noted also that the friction on the small lip is borne by an 
angle and not a surface, so tliat the wear is rendered very rapid ; 
that the drop on to the locking surface, owing to the form of 
this lii), is very severe, as we have already shown (339) ; and wo 
cannot fail to see that the vaunted improvements resolve them- 
selves into the following : greater difficult}- in the adjustment 
of the escapement, more rapid wear, shorter vibrations, greater 
trouble in timing, etc. ; and that such improvements in horo- 
logical art may as well be left undone. 

We have here another exanqdc of the danger of purel}' 
graphical or theoretical solutions or even of those deduced from 
experiments with large apparatus. Their proportions, which 
cannot be the same as on the small scale, give a false idea of 
the necessary spaces or ploys and the increased weights of the 
mobiles entirely alter the ratios of the forces, velocities, etc. 

In order to show the importance of this observation, it 
will suffice to quote this geometrical proposition : The weights 
of similar bodies of the same substance are to each other as the 
cubes of their homologous sides ( 137 ). 

Size of tii(‘ Axes in tbe Escapement. 

345. — In axes of the escapement we include not only that 
of the cylinder but also the escape-wheel axes. 

When the cylinder is too large,* a very common fault in 
small watches, there cannot be a balance between the motive 
power, the size of the balance and the radii of rest; all the 

• It must bo undorstootl that wbon speabing of cylinders and pinions that am 
too large or too small, or of wheels that are too large, wo do not employ these terma 

12 
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friction is increased and the retarding force becomes pre- 
dominant, etc. Thus the vibrations become sluggish, or, as it 
is expressed in the trade, there is a falling off in the crossings, 
and as soon as the oil thickens the regulating of the watch 
becomes diflScult. 

With a too small cylinder, generally in consequence of the 
wheel having too many teeth, the impulse communicated is 
slight, since the length of the arm by which it is transmitted 
is excessive ; the impulse plane is too short, and passes the lip 
too rapidly, so that it becomes necessary to increase its inclina- 
tion: these two circumstances render the employment of an 
increased motive force essential, and every increase in this 
force above a certain defined limit is a source of wear and 
irregularity. 

Should the escape-wheel pinion be too large in comparison 
with the radius of the wheel itself, or if it should be low num- 
bered, any faults and inequalities in the depth will have all the 
more effect on the escapement. With such a ])inion the oscilla- 
tions of the balance will not be performed Avith the requisite 
freedom, but will be, as it were, constrained. 

Size of the Escape-Wheel. 

346 . — It is a mistake to make the fourth wheel of the train 
(the seconds wheel) very large, especially if, as is generally the 
case, it be with a view to employ a largo escape-wheel. The 
size of the wheels ought to decrease as the force to which they 
are subjected diminishes. 

The fourth wheel should bo high rather than low numbered, 
and the teeth should bo somewhat fine ; by this means a j)inion 
can be employed of tlie size best suited to the escape-wheel. 
As regards this latter, if it is essential that it be of considerable 
diameter, the number of teeth must be increased by one, and the 
wheel made as light as possible. But it must bo remembered 
that it is usually preferable to have the encape-wheel somewhat 
small, and the moderator heavy, rather than a larye wheel and a light 
balance, but this principle must not be carried to an excess. 

in the sense ordinarily understood in the trade. We do not refer to the actual 
dimensions of the several parts bat to their relative sizes as compared with the rest 
of the mechanism. We are here only discussing the size of the escapement, as a 
whole, compared with that of the entire train. 
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Concluding Observation. 

347.*— In the cylinder escapement, as indeed in all escape- 
ments, absolute perfection is impossible, and it must always be 
regarded as a relative quality. And we must never forget that 
'excellence is to be secured by a general harmonizing of the 
several parts, by a certain balancing of the forces in action, 
and, finally, by the adoption of a general basis that is some- 
what elastic and will be easily ascertained by experience. 

Any watchmaker who will take the trouble to carefully 
examine, measure, and note down the proportions existing in 
even a small number of watches that are keeping good time, 
and whose vibrations arc full and free, will very soon be able to 
judge at a glance whether the thickness of axes and the dimen- 
sions of wheels and balances approximate sufficiently to the 
best size possible ; whether, in short, they are such as to ensure 
the regularity of going of the watch. 

We have dwelt at considerable length on the principles in- 
volved ; for principles alone can beget intelligent workmanship, 
the very converse of blind and helpless routine. We are now 
in a position to enter on the practical application of these prin- 
ciples, and will proceed to do so by deducing the proportions of 
an escapement in accordance with the demands both of theory 
and experience. 


CHAPTER IV. 

THE co:vsTncJCTio.v of a staivdard cylinder 

ESCAPEREA'T A\'D EXPERIME.\'TAL. RATA. 

348. — This cliajJter is especially addressed to manufactm'ors, 
wdio arc, as a rule, too much disposed to imitate the forms 
ordinarily met with. By employing the knowledge that we 
now trust the reader possesses, he should be in a position to 
plan a method for himself, sl’ould the one wdiich we proceed to 
propose not give entire sati-^faction. But let him be careful to 
remember this fact; the success of a particular escapement 
does not depend on so-called secretSy which the charlatan 
pretends that ho possesses; success in the exact measm'e- 
ment of time is always the result of a judicious application of 
the laws of Physics and Mechanics, and this fact must never 
be forgotten. 
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Natural Compensatlout 

349. — Natural compensation is the result of an equilibrium, 
more or less perfect, between the causes which tend to produce 
gain and those producing a loss. These causes arise, on the 
one hand, from changes occasioned by time in the nature of the 
several frictions, and the clogging of the oil ; on the other hand, 
changes in the condition of the oil, and in the expansion or 
contraction of the balance-spring and balance caused by changes 
of temperature. 

Oil coagulates in the cold, becoming liquid on heating. 

When the oil is thus congealed by tlic cold, the several 
parts of the escapement are checked in their motion and the 
vibrations nearly always become sliorter and slower. But if 
these causes of loss arc met to a corresponding extent by a 
contraction of the balance and its spring (cold increases the 
power of the latter), the watch maintains an ap 2 )roximately 
uniform rate. 

On the oil being liquefied by heat, the balance has more 
freedom, since the friction, especially tliat on the locking 
surfaces, is less, and its oscillations become greater; and, 
taking into account the exjiansion of the balance-spring and 
balance, there arc three causes of loss set against one cause of 
gain'; this latter consists in the increased tension of the balance- 
spring owing to the arcs being of greater extent. 

If the increase in the tension of the balance-spring has as 
great an effect in producing a gain as its diminution, (itc., had 
in causing a loss, the balance will be impelled backwards with 
all the greater energy, and as the oscillations arc, at the same 
time, longer and more rapid, the conditions will remain the 
same on the whole, and equilibrium will be maintained. 

It thus becomes evident that this equilibrium in a watch of 
which all the parts are well proporiioneil depends mainly on 
the length of the balance-spring, the correcting effects being 
excessive with a very short Sf)rlng and deficient when it is of 
considerable length ; we see, then, why dead-beat undetached 
escapements, which require oil, should not be provided with 
balance-springs as long as those employed for detached escape- 
ments (369 and following articles). 

It will be seen that the radius of rest has an important 
part to play. When, for example, a cylinder is too large, 
the friction on its locking surface is very considerable as com- 
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pared with the energy of the balance ; and since the causes of 
variation due to friction, especially as depending on the state 
of the oil, go beyond the very narrow limits within which the 
correcting influence of the balance-spring is efficient, equilibrium 
between the gain and the loss becomes impossible, and the 
watch can never be properly regulated. 

Natural compensation does not fully come into play until 
Ihc ■watch has been going some months, for then the oil has 
acquired a certain consistency, and the changes introduced in 
it by heat and cold arc less marked. 

Action of the Balance-spring in Natural Compensation. 

350 . — With regard to the actual effect of the balance- 
spring in natural compensation what we have just said should 
.suffice for the present, but we feel compelled to revert to one 
lioint. 

Some practical men who believe, simply because they have 
heard it stated so, that the balance-spring works all the better 
as we increase the number of its coils, whatever lie the escape- 
ment to which it is to be applied, have been at a loss to explain 
why, in our first edition of the Treathc on Escapements we 
recommended the use of balance-springs shorter than those in 
favour at the time. 

They would have understood the reason for our recom- 
mendation had they read with pi’oper care the simple obseiwa- 
tion that followed, namely : that when the isochronism is 
destroyed or masked l)v causes inherent in the nature of the 
escapement, an isochronous balance-spring is nothing but an 
inconvenience on account of its great length. 

AVe would here add that to discuss the question whether 
shoi't springs arc preferable to long ones would be mere waste 
-of time and could result in no good. In horology everything 
must be relative. Whatever be the escapement under con- 
sideration, it requiics neither a long nor a short balance-spring, 
but one that is suited to its nature and mode of action, that is 
to say, the length must bear a definite relation to the extent of 
the arcs of vibration, etc. 

In this same first edition we further stated that : 

“ If wo consider a dead-beat escapement to which oil is 
•essential, such, for example, as the horizontal one, it will be 
-observed, as we have already pointed out, that heat renders the 
oil more fluid, the balance larger, the balance-spring longer and 
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more pliant, so that an elevation of temperature introduces 
several causes of a loss in the rate. 

“ As the length of the balance-spring is increased, its elastic 
force becomes less ; so that of two springs differing materially 
in length but having the same force, that is producing an equal 
number of vibrations in equal times at a certain fixed tem- 
perature, the longer will suffer most from any change in the 
degree of heat, and if the watch is timed successively with these 
two springs at the given temperature, a rise will occasion more 
loss with the longer than with the sliortcr balance-spring.” 

Wc assumed then, on tlie strengtli of information which we 
considered deserving of confidence, that at high temiicratures a 
short balance-spring is the more effective. At the same time 
we could not help doubting the fact; for, from a tlicoretical 
point of view, the dilatation would be proportional to the 
dimensions of the spring, and the result therefore should bo 
the same, whichever wc employ. 

To solve the question experimentally by using watches 
provided with frictional rest escapements, was a matter of 
considerable difficulty, owing to the fact that in such escape- 
ments the effects produced are very complex, and one could not 
with certainty isolate that due to the balancc-sj)ring. 

After consideration we decided to construct a small instru- 
ment in which springs of various strengths could be held by 
one extremity while the free ends wci'o charged with a small 
weight and the following experiment was made with it. 

BXFEBIUENT WITH ELASTIC BLADES. 

35t. —The lengths of the several springs were first so 
adjusted that their vibrations were synchronous at a tempera- 
ture of 12® C. (53® F.), and the temperature was then raised to 
35® C. (95® F.) A want of accord in the vibrations was at 
once perceived, and this effect was produced on several times 
repeating the experiment ; but with this important difference, 
that the successive experiments gave results that were some- 
what variable, and at times even contradictorj’^. This was at 
first sight calculated to perplex the observer. 

We are unable to draw any precise conclusions from those 
experimental results, which we shall after repeating fully describe 
in the article specially devoted to the study of the balance- 
spring; yet, by induction from the observed facts, we feci 
justified in accepting as proved these propositions ; 
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1. Theoretically, that is to say with a blade which is 
thoroughly uniform and homogeneous throughout its entire 
length, the effect produced by a change of temperature being 
always dependent on the dimensions of the object, the exact 
length of the spring is a matter of indifference (we are here only 
discussing the resultant effect of changes of temperature, for 
everyone is aware that a difference in the length of the spring 
modifies the velocity of motion of tlio lialance) ; 

2. The facts of observation, which appear to run counter 
to theory, must bo attributed to throe principal causes : a con- 
strained condition of the molecules and a want of homogeneity 
in the blades, duo to careless rolling, whereby unequal dilata- 
tion and irregular displacement of the coils are occasioned, and 
a quivering, which is proportionately greater with the longer 
spring subjected to an increase of heat ( 1400 ). 

HEANS or rBACTIClUV DETEBMIXING THE DIHEXSIOXS OP A CTUTDEB 

ESCAPEHENT. 

353. — We can adopt as the main datum cither the size of 
escape-wheel, or diameter of the balance. 

It is more reasonable to select the latter ; but in that case 
wc incur practical difficulties, which are avoided if, as we now 
proceed to do, the diameter of the wheel is adopted as a 
starting point or unit of measurement. 

Wc will assume ourselves to be engaged on a watch move- 
ment of the calliper generally met with at the present day, but 
in which the radii of the Avheels have been selected in accord- 
ance with the decrease in motive force (366 and 346 ), and 
where the pivots arc no larger than is ascertained to be 
absolutely necessary for their due solidity, and to ensure a 
constancy in the friction by making the rubbing surfaces of 
sufficient extent ( 41 ). 

The size of the escape-wheel is, then, determined as well 
as that of the cylinder which is dependent upon it. 

To Ascertain tUc Height of the Impulse Plane and the 
Size of the Balance. 

353. — Having found from the table on page 169, what 
angle of lift is best suited for the dimensions of the watch to 
which the escapement belongs, three wheels must be made with 
inclines of different heights, such that one gives the exact 
amount of this lift, the second an angle somewhat less, and 
the third somewhat greater (see 355 and following articles). 
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The points and heels of the teeth must he shaq^ly defined, 
being simply polished with rouge so as not to feel rough to the nail. 

354. — The table in article 388 will give the dimensions of a 
temporary balance as deduced from the diameter of the cylinder. 

While referring to the chapter specially devoted to the 
consideration of the balance for details relating to this subject, 
wo would at once point out that, since tlic meati diameter (103) is 
the only legitimate one, it necessarily follows that we may have 
numerous balances, of the same size and weight, in which the 
matter is variously distributed, and they may thus be still too 
hr^e or too small, having regard to the nuniljcr of oscillations 
performed in a given time with one and the same balance-spring. 

We have employed the following distribution of the matter 
of the balance with advantage. 

The total weight having been decided uiion in the manner 
explained in the chapter on balances, or by a systematized 
examination of a number of well timed wafehes, "this weight 
is divided by 12. Then the balance is so made that its weight 
is thus distributed : 

In the three arms (taken together) about 1 twelfth. 

„ small central ring . . 1 „ 

» • • • • . 5 , 10 twelfths. 

Total 12 „ 

This result can be easily obtained, if a few preliminary 
experiments arc made, first separating’ the arms from the rim, 
and then from the central rinjr. 

When the metal is sufficiently firm, the weight of the rim 
may be considerably greater in comparison with that of the 
arms and centre, but we are here discussing the brass balances 
employed in watches of the ordinary size. If the arms of a 
balance formed of this metal cannot be reduced to the propor- 
tion given above without becoming too weak, wo may unhesi- 
tatingly conclude in almost every case that the matter in the 
lim is deficient, and that the balance will be found to be too lif^ht 
as a moderator (1343)« ° 

355. — The balance after being completed is fixed to the 
cylinder by means of gum-lac, and a balance-spring taken from 
a well timed escapement of the same size is temporarily fixed 
to it ; the first experiment may then be proceeded with. 
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Wo say temporarily because it may very probably be found 
that either the spring or the balance or both are not quite rightly 
proportioned. 

EXPF.niMENT. 

356 . — The throe wheels arc successively caused to act on 
the cylinder, and that one is selected which gives a total balance 
oscillation of 270" and a minimum lifting arc. The incline in 
this case is such as to j)roduco the greatest amount of useful 
effect ( 224 ). 

We know then : 

The diameter of the escape-wheel. 

The diameter of the cylinder. 

Tlie height of the impulse plane. 

It only remains to ascertain and verify the moderating power 
of the balance, and the regulating power of the balance-spring 
when employed in connection with it. 

llair-Tiiiiing. 

357 . — A good moderator owes its qualities to a judicious 
adjustment of its weight in relation to the extent of oscillation. 
In other words, its mass must be so great that it is not at the 
mercy of the motive force and, moreover, its velocity must be 
sufficient to prevent its being influenced by changes in the 
density of the air, variations in the friction, and the shocks that 
occur in wear (Theory of the Balance). 

This condition having been satisfied, the spring and 
balance are removed and replaced by a small pendulum of 
equal weight, attached to tlie c} liudcr in a similar manner. 

The watch is placed at a convenient inclination (see the 
Twelfth Ei'periment^ 141) and set in motion by forces of 

different intensities. By varying the length of this pendulum, 
the bob of which can be fixed in any position by means of a 
clamping screw, the point is ascertained that renders it least 
sensitive to variations in tlie impelling force. 

Having detennined this, the movement must be placed in 
the oven and the adjustmeiit of the pendulum further continued 
until there is a gain of about two minutes in passing from 37® C. 
(99® F.) to 0“ C. (32® F.).* 

The small pendulum thus obtained will enable us to deter- 

® When designing a standard escapement, regard must be had to the precise 
amount of the cylinder opening (334)* If two cylinders be of the same diameter 
and similarly circumstanced, but one more closed than the other, it will fall off in its 
rate somewhat sooner. 
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mine the dimensions of the balance (by means of the table at 
the end of the work on The Eelation of the Pendulum to the Annular 
Balance'). 

In tlie absence of such a table one might employ the 
method indicated in the eleventh experiment, page 140. 

358. — The intensity of the motive force can be caused to 
vary by giving only a half-turn to the mainspring in the first 
instance, and four turns subsequently. It would, however, bo 
much better to adjust on the central axis a kind of screw 
arbor, carrying a light pulley of sufficient size. By means of 
a silk thread coiled on this pulley, and small weights, varying 
forces could bo brought to bear on the system, corresponding 
to dift'erent degrees of winding up of the mainspring. This 
mode of experimenting has the advantage of enabling us to keep 
the mechanism several hours in action under the influence of 
any predetermined force, and we are the better able to observe 
the differences in timing occasioned b}' a diminution in the arc 
of vibration. It is as well in such experiments to employ oil 
that is somewhat thick. 

To ascertain tlic mo!«t advantascoiis Relation between the 
Balance anti itN Spring. 

359. — We now possess the main dimensions of the escape- 
ment. But the most difficult portion remains to be done ; for, 
although we may be satisfied that the several elements are 
good; that the lifting arc will utilize as much of the motive 
force as possible ; and that the sensibility of the moderator to 
variations in this force is reduced to a minimum, we still know 
that the moderator is affected by every alteration duo to 
changes of temperature — changes which arc very marked 
from summer to -winter — and that it is further dependent on 
the action of the balance-spring. 

The balance-spring borrowed from a movement of the same 
general dimensions will nearly always occasion an increase in 
the rate during the long arcs due to an increase in the motive 
force (365). 

But cylinder watches of modem make have nearly always 
a tendency to lose as the extent of the arcs of vibration 
gradually becomes less ; this reduction is brought about by a 
thickening of the oil. It -will be manifest that, if the effect 
of the balance-spring becomes weaker as this amplitude ia 
diminished, the losing on the rate will be all the more marked. 
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360 . — Wo conclude from what precedes that, in an escape- 
ment constructed on theoretical principles (269 and 270 ), the 
irregularities due to temperature and to the retarding action of 
the oil may, for tlie requirements of every-day life, be counter- 
acted by the balance-spring, but not by it alone. It may 
probably bo necessary to alter the weight of the balance. 

What then is the j)recise efFect of the l)alance-spring? It 
acts the part of a connecting link between the motive force 
applied at the extremity of the radius of tlie Avlieel, and the 
energy possessed by tlie mass of the moderator in vii’tue of 
its motion, an energy Avhich must be controlled by this spring. 

It thus has a very difficult part to perform, for it is required 
to render uniform the movements of the moderator in oiiposition 
to the variations of the prime mover, or very nearly so. Now 
this regulating property of the balance-spring is confined %vithin 
very narrow limits, and if the resistance occasioned by these 
two opposing forces becomes excessive, the regulating power of 
the spring may be entirely destroyed or rendered nugatory; 
instead of regulating the action, either of the balance or the 
motive force, it will thus be entirely under their control. 

361 . — ^idicrc are, then, three forces, represented by the 
prime mover, the weight of balance, and the elasticity of the 
balance-spring; and they must coexist with a certain determinate 
balance of power on the maintenance of which depends what- 
ever regularity is secured in the movements of the moderator. 

But of these three forces in the case we are considering, 
the motive force is fixed or very approximately so, for it has 
boon settled on the basis of the watch whose rate is satisfactory, 
and in Avhich the impelling force could not be materially in- 
creased without inconvenience. 

We possess also a balance of dimensions that afford some 
hope of securing good timing. 

Nothing rcii’ains, therefore, but to procure a balance- 
spring that is well adapted to the balance, remembering that 
the weight of this latter and its spring are correlated or, at 
any rate, mutually dependent ( 262 ). 

We have thus arrived at the final and decisive operation 
connected with the timing, the real test of the value of a time- 
keeper. 

If the workmanship be of tho best, the materials good, and 
selected with judgment, any variations that occur in the rate of 
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a watch on changing its position are duo to a change in the 
total amount of friction. 

Between summer and winter, between the temperature of 
the watch pocket and 0° C. (32“ F.), or a little above this latter 
point, the temperature of tlio watch varies through a range of 
about 40" C. (72" F.) The loss that occurs in the winter is 
mainly occasioned by the increased resistance experienced by 
the surfaces of contact, when rubbing against one another, 
through the thickening of oil, and doubtless also from a ehange 
in the molecular arrangement of these surfaces themselves. 

The main object of timing then should be to equalize, by 
means of the changes of temperature and alterations of position 
of the machine, the resistances arising out of friction. 

When this equality has been ap{)i'oxiinately secured, wo 
may proceed to select the most suitable balance-spring (see 
Springing and Timing). 

The (new) watch having been regulated by means of the 
index for its long arcs, so as to gain a'amt 2 minutes in every 
24 hours, should, as we have already pointed out, gain about 
the same amount with a change of temperature from that of the 
pocket to 0° C. (32" F.) ; this gives a total amount of about 
4 minutes, and the length and form of the Ijalancc-spring 
should be such as to give an additional acceleration of 5 or 
6 seconds in 12 hours, on account of the small arcs, that is to 
say when the last coils of the mainspring are in action. 

As the dimensions of the escapement are diminished, the acce- 
leration ought to be more pronounced. In small size watches 
it sometimes amounts to as much as 10 or even 15 seconds. 

362. — It will be understood that this double acceleration, 
effected partly by the balance-spring and partly by the general 
arrangement of the several parts, is intended to counteract the 
loss in the rate Avhich is occasioned b}^ the thickening of oil 
and increased friction. The causes of gain when the tempera- 
ture is depressed are, as we have explained, the contraction of 
the balance and its spring, and the increased rigidity of this 
latterj this triple effect is constant, always occurring to the 
same extent, whereas the loss occasioned by friction and 
decreasing strength of the mainspring not only at times 
exceeds the gain due to other causes, but is continually be- 
coming more and more marked. It is essential, then, that the 
causes of loss be rather more than neutralized. 



jodin’s experiments. 


180 


After going for a few weeks the watch will be found to bo 
correctly timed for the temperature <jf the pocket (about 37" C., 
or 99" F.), and on cooling it to 0" C. (32" F.) it will gain several 
minutes in 24 hours, more or less according to the size of watch. 

363 . — Providing the force is transmitted by means of a 
good train and sound depths, so that all sudden jerks in the 
impulse arc carefully avoided (for they destroy the sort of 
equilibrium that characterizes an efficient cscjipement), and if 
the oil is not of an inferior quality, the watch will itself maintain 
the rate, and will go satisfactorily for a much longer period 
than the few months, at the end of which we arc now-a-days 
compelled to move the indices of cylinder Avatches. 

EECAPITrLATION. 

364 . — We will conclude with what amounts to a summary 
of the above considerations. 

When tlie A'alue of either one of the three main elements; 

The moti\’C force ; 

The mass of the balance ; or 

The elastic force of the balance-spring ; 
experiences any abnormal change (aa IucIi may be brought about 
by variations in the friction, a badly-shaped balance-spring, or 
one that has lost its elasticity, etc.), the general accord between 
the parts is destroyed and the timing must be done over again. 

To re-establish this accord it will clearly bo necessary to 
repeat the operations already described, to vary the A’alue of 
each clement, carefully noting the results obtained during 
this process of timing. 

The reader will, aa’c trust, fully understand this subject 
AA'hen he has, in addition to the above, mastered the chapter 
on Springing and Timing and, prior to that, the folloAA’ing account 
of certain experiments of F. Berthoud and L. Tavernier: 

NOTE ON SOME OIJ‘'EBVATIONS OF BEBTHOrD, JODtN, AND TAVEBNIEK. 

365 . — Jodin’s experiments conArinced him that a balance 
which is too large as compared with a given cylinder escape- 
ment occasions a loss with any increase in the motive force, 
and the converse is the case when the balance is too small. 
F^til justly observes that this observation should have led him 
to ascertain the best proportion for the radius of rest of the 
cylinder to bear to the radius of the balance. Jodin, however, 
like F. Berthoud, appears to have taken no notice of this fact. 
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Louis Tavernier* often observed the following phenomenon 
in the horizontal watches of his day : “If the friction of the 
balance is excessive, that is to say if the diameter of the 
cylinder is too great as compared with that of the balance, the 
rate of the watch will appreciably increase as the oil becomes 
more and more thick.” 

The watchmakers of that period, guided solely by 
experience, comstructed the escapement so that the diameter of 
the cylinder was to that of the balance as 1 is to 14. 

Such a proportion is unsuited to tlie great majority of the 
escapements of the present day. This fact is chiefly due to the 
sujjpression of tlic fusee, clianges in the radius of the wheel and 
the number of its teeth (many of the large escape-wheels 
employed in old watches had only twelve or thirteen teeth), 
and lastly, to the substitution of steel for brass in the construc- 
tion of these wheels. 


EXPEEIirEXT OF F. 

366 . — “A horizontal w’atch, beating 18,720 vibrations 
per hour, gained 4 minutes in every 24 hours Avhen at the 
temperature of the pocket. 

“ When suspended and maintained at a temperature of 4" C. 
(39° F.) it lost 14 minutes 30 seconds in 24 hours as compared 
with its rate at the more elevated temperature. 

“ But the arcs described by the balance were very great, 
the balance itself was very small and had large pivots, so I 
replaced it by a new one that was considerably heavier ; when 
the watch was regulated there was great risk of a sotting. 

“ When passing from the higher to the lower degree of 
heat, instead of losing 14 minutes 30 seconds in 24 hours, the 
watch only lost 3 minutes in the same period. 

“ Still, not being content with such an approximation, I 
diminished the balance pivots in order to reduce the friction, 
and again regulated the watch at the upper temperature. It 


* Louis Tavernier lived at the commencement of the present century, and was 
one of the best watchmakers in Paris. He studied the cylinder escaiicment with 
great care and with considerable success, but unfortunately the greater part of his 
works appear to have been lost. After a prolonged search wo have only been able 
to discover traces of them. 

Circumstances of this kind are but too common in Horology, in which numberless 
experiments have been attempted. For want of publishing, or through the careless* 
ness of authors, their results have too often remained unknown or been appropriated 
by plagiarists. 
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now lost 2 minutes in 24 hours, whereas, in its initial condition, 
the application of heat had caused a gain. , 

“ In the condition to which it had now been brought it 
gained 11 seconds in 13 hours if hung by the bow, and, if 
laid flat, 55 seconds during the same period ; that is to say, 44 
seconds more than when suspended. 

“ Lastly, on somewhat reducing the weight of the balance, 
the rate when cold only exceeded that when hot by 20 seconds 
in 24 hours.” 

367 . — “ It follows,” says Berthoud, “ from this experiment 
■fliat : — 

“ 1. On increasing the weiglit of a balance (by which its 
true or mean diameter must be inci’cased), the extent of the arcs 
of vibration is reduced, and the loss from hot to cold, from 
being 14 minutes 30 seconds, becomes 3 mirmtes. 

“ 2. On diminishing the pivots the friction is made less, 
and the loss of 3 minutes with the lower temperatm-e is changed 
into a gain of 2 minutes. 

“ 8. Lastly, on somewhat reducing the weiglit of the balance 
the arc of vibration is increased to such an extent that the watch 
docs not vary with a change of temperature.” 

8ECOSD ESPEBIUEKT OF BEETHOrD. 

308, — “ A horizontal watch had a balance weighing 4*5 
(old French) grains (0-24 grammes) ; it was far too light as com- 
pared with the motive force, 7-5 drachms (28-6 grammes). The 
■watch in this condition when timed for the pocket lost 10 
minutes in 14 hours if exposed to a temperature of P C. (34° F.) 

“ After diminishing the force of the mainspring till it was 
only about 5-25 drachms (about 20 grammes), and thus rendered 
the watch very liable to set, I timed it similarly for 37° C. 
(99° F.), and on keeping it cold for 14 hours it still lost 5 
minutes.” Only half the error then was neutralized. 

Berthoud, considering the resistance (which he attributed 
solely to the oil) to be too great as compared witli the force 
exerted by the balance, had a spring made to carry 8*25 
drachms (31-5 grammes), and replaced the balance by one 
weighing 7 grains (’37 gramme). The watch having been 
again timed for the pocket, and exposed to cold (1° C., or 
34“ F.), gained 2 minutes in the same period of 14 hours. 

“Hence,” remarks Berthoud, “it will only bo necessary to 
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reduce the weight of the balance in order that this watch may 
not gain either when it is hot or cold.” 

369 . — Berthoud concludes, as the result of his experiments, 
that a new watch should bo so adjusted that it gains on being 
heated. This gain, resulting from the greater freedom of the 
mobiles and the excess of motive force, will cori’ect itself when 
the arcs of vibration diminish in extent, that is to say, when 
the rubbing surfaces have come to tit each other by their mutual 
friction, when the oil lias attained that consistency which con- 
tinues for a long period almost unchanged, and lastly, when the 
mainspring has lost the overplus of force that a new spi’ing is 
always found to possess, 

TniBD ESrEEIMEXT OP BEETnorp. 

3*0. — “ I made a watch giving 7,200 vibrations per hour. 
The balance weighed 19 '75 grains (T05 grammes), the lifting 
arc was 45°, and the fusee made a turn in 4| hours. 

“ I had a spring made that balanced a weight of 3‘5 
drachms (13'4 grammes) at a distance of 4 inches from the 
centre of the fusee; but the arcs described by the balance 
were excessive, so that the watch gained when heated. I 
weakened the spring till it only carried 3 drachms (11 *4 
grammes), and after timing the watch the balance described 
arcs of 240°. When thus adjusted the watch was regulated, and 
neither changes in its jjosition nor in its temperature could dis- 
arrange its timing, while formerly heat had made it gain 
considerably ; as a matter of fact, heat made it lose 1 minute 
in 24 hours; by slightly reducing the weight of the balance 
I was enabled to adjust it so that change of temperature had no 
effect whatever. This experiment ju’oves that an increase of 
A a drachm (about 2 grammes) in the motive force has a very 
marked effect, and that it is of the first importance to proportion 
the motive power to the regulator by which it is controlled.”* 

EXPERIMENT OF TATERNIEB. 

371 . — Louis Tavernier ( 365 ) noticed that when the cylin- 
der is too large, that is when its diameter is too great as com- 

° Carefully conducted experiments are always instructive, and contain some 
definite information. We are, therefore, rery willing to describe these results of 
Berthoud’s, although we feel compelled, especially in the matter of the cylinder escape- 
ment, to reject the greater part of the obsoryations with which he accompanies them. 
Berthoud seems to hare performed his experiments with care, but the argument, which 
leads up to and explains them, is too often specious, and dictated by a manifest desiro 
to run counter to his contemporaries. 
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pared with that of the balance, the watch will gain as the oil 
thickens. 

He states tliat, “ in order to avoid this inconvenience, the 
dimensions of the cylinder must be so far reduced that the 
watch, Avhen new or freshly cleaned, gains from 3 to 4 minutes 
in 24 hours, Avith a change of temperature from that of tho 
pocket to the fi’cezing point of water.” 

Tho reasons Avhich he assigns for such a practice are : 

1. In undetached escapements the thickening of oil at the 
several pivots of the train has but little effect (providing these 
pivots are not larger than necessary); 

2. The contraction duo to cold will reduce the diameter 
of tho balance and increase the force of its spring, and these 
two causes tend to produce a losing rate of the watch (this is 
doubtless a clerical error, since a ^ain will result), and the thick- 
ening of oil on the locking surfaces of tho cylinder will cause it 
to lose ; but it is not essential that this loss due to the oil be 
exactly counteracted by the gain resulting from contraction, 
for this latter effect is always reproduced to the same extent, 
whereas the friction continually increases as the oil becomes 
thicker. 

It will be evident, from the above quotations, that neither 
Berthoud nor Tavernier seems to have suspected the length 
and form of the balance-spring to constitute an important 
clement in the timing. 


Conclusion. 

372 . — The careful study of the theory of escapements with 
frictional rest, and the exhaustive practical details which pre- 
cede, as well as those that folloAV, are sufficient to enable any 
intelligent watchmaker to design a standard escapement, that is 
an escapement correctly proportioned for a watch of any given 
size ; it will then bo only necessary to copy this watch with as 
much accuracy as is possible. One can then feel confident, 
after submitting each copy to a few simple tests, that it is a > 
first-class machine, capable of keeping time with all the accu- 
racy that can reasonably be expected from an escapement in 
which the rest is frictional. 


13 
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EXPERIMENTAL DATA 

BEARING ON THE DIAMETERS OP THE BALANCE AND CYLINDER. 

We sliall here supplement the data derived from our own 
experiments by others, all of which rest on the authority of 
men who are both skilful horologists and trustworthy observers. 

373 . — GANNERY.— Experiment shows that the diameter of 
a balance, such as that met with in ordinary Swiss watches, 
should be to that of the cylinder as 182 : 11 : 

Or as IG ‘0 : 1. 

Hence, when the diameter of cylinder is 0v8 millimetres 
(0'0315 ins.), the diameter of balance will be IG'5 x 0’8 or 
13‘2 millimetres (0-52 ins.). 

374 . — M. RODANET obtained excellent results by employ- 
ing the following proportions, which he submitted to a prolonged 
investigation : 

40 mm. (18 line) Watch — Balance ; Cyl. : : 18:1. 

42 mm. (19 „ ) „ B. : C. ^ : 17-3 : 1. 

375 . — F. BERTHOUD. — A fusee watch performing 7,200 
vibrations per hour. The escape-wheel, with 15 teeth, had 
a diameter of 7*8 millimctrc.s (0‘307 ins.). 

The extent of a complete oscillation was 280°. Diameter 
of balance, 21 ‘4 millimetres (0‘843 ins.). Ratio to that of the 
cylinder : 

B. : C : : 20-7 : 1. 

Berthoud, in his writings, recommends large cylinders and 
very short arcs of vibration ; but, as will be seen from this 
cxamj)lc, necessity sometimes compelled him in jn’actico to go 
counter to his own principles. 

370 , — M. PIERRET has made a prolonged theoretical and 
experimental study of this escapement, and constructed watches 
of the following dimensions : 

Size of plate, 32 to 34 mm. (14 or 15 lines). 

Escape-wheel, 13 teeth ; diameter about a quarter less than 
usual. 

Diameter of balance, 15 mm. (0-59 ins.). 

First ratio, B. : C. : : 18 : 1. 

Second „ B. : C. : : 20 : 1. 

The balance is, in these watches, somewhat heavier than is 
customary. They are but slightly affected by a change in the 
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condition of the oil, and will consequently j^o satisfactorily for 
three years and more. 

The second j)roportion gave M. Pierret excellent results, 
but he points out tliat (1) the smaller cylinder is rather more 
fragile, and (2) the insensibility to variation in the oil, which 
enables the cscajicincnt to go avcH even after it has dried up, 
may induce wear of the cylinder, and more especially of the 
pivots if the watch is not cleaned in time. And it is well known 
that the OAViua' of a watcli will, as a rule, not liring it to bo 
cleaned until it quite refuses to go. 

377 . — LAUMAIN. — Proportions (jf watclics that have been 
good timekeepers : 

AVatch, 30 rnin. (10 linos) in diameter; 

Balance, 15 mm. (0'59 ins.). — Ratio B: C : : 10’3; 1. 

AVatch, 37 mm. (10^ lines) in diameter; 

Balance, 14 mm. (0"o5 ins.). — Ratio B : C: : 18 ; 1. 

AVatch, 41 mm. (18 lines) in diameter; 

Balance, 10 mm. (0-03 ins.). — Ratio B; C: : 10; 1. 

Referring to this latter ratio the author adds: “ This balance 
is rather small.” 

AA"e would point out that the watch is mentioned as having 
been well timed, and, in the absence of more complete explana- 
tions, we must suppose that this regularity was due in part to 
the balance-spring, and in part to the mass of the balance 
being so distributed that its radius of jjorcussion was 
somewhat greater than is usual in a balance of similar 
dimensions (354). 

378 . — MM. PATEK AND PHILIPPE.— In the cylinder 
watches of this firm, well known from the excellent work it 
produces, tho escapement is generally thus proportioned : 

B : C : : IG : 1. 

M. Philippe, an accomplished and remarkably skilful artist, 
superintends the timing operations. Many of the Genova 
manufacturers are disposed to employ cylinders rather larger. 

370 . — M. DELMAS was always able to secure satisfactory 
timing, in watches about 33 mm. (14 or 15 lines) in diameter, 
when the diameter of the wheel, with 15 teeth, closely approxi- 
mated to the radius of the balance ; in other words, when tho 
ratio was : 

B : C : : IC S : 1. 

He employed the same proportion in watches 45 mm. 
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(20 lines) in diameter, but found some difficulty in regulating 
them (end of 344). 

380. — C. SAUNIER. 

WATCH N“ 1. — Size, 42 mm. (19 lines). 

Barrel 19 mm. (0‘7G ins.): measured 'VYithin the tooth 
17 mm. (0'67 ins.): 15-tooth wheel. 

Diameter of Balance, 17 mm. (0-67 ins.) 

Katio ; B : C : : 17 : 1. 

The rate was maintained for several years, and was not in 
,any way disarranged by cleaning. 

The balance-spring was, if anything, rather long. 

381. — WATCH N° 2. — First quality Geneva w'atch. 15- 
tooth wheel. 

Balance diameter, IG'3 mm. (0 G4 ins.) 

Ratio; B: C:: 17-5: 1. 

The rate remained satisfactory for three years. 

382. — ^WATCH N" 3. — Well-made Geneva watch. Size, 
32 mm. (14 lines); extreme diameter of barrel 14‘5 mm. 
(0*57 ins.) The escape-wheel projected beyond the edge of the 
balance by rather more than the height of the impulse plane. 

Ratio; B: C: lG-5: 1. 

This watch went well for 5 or 6 years without the oil being 
renewed, and recovered its original rate after cleaning. Subse- 
quently, that is, when it had gone uninterruptedly for 12 years 
and after undergoing a repair which was indifferently performed, 
it fell off in its rate. This was probably duo to an increase in 
the friction at the depths, and inequalities in the action of a 
mainspring that had been carelessly handled. 

383. — WATCH N® 4. — Size, 41 mm. (18 lines). Diameter 
of Barrel 19 mm. (0'7G ins.), measured within the teeth 17 mm. 
(0-67) ins. 

Diameter of Balance, 16’3 mm. (0’G4 ins.) 

Ratio ; B : C: : 16‘3 : 1. 

Went well for four years, but there was a slight though 
constant loss. 

These results all point to the conclusion that if the balance 
of this watch had been somewhat larger, its weight remaining 
the same, a longer period would have elapsed before this loss 
took place. 

384. — WATCH N® 5. — Size, 45 mm. (20 lines). 

Ratio; B: C:: 14’5; 1. 
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This balance is too small ; hence when the watch is carried 
it only remains a good timekeeper for a short inten'al at a time. 
If the spring is at all strong, it gains in consequence of the 
banking of the pin against the banking stud. If recently 
cleaned and provided with a spring that occasions an oscilla- 
tion of 270”, it very soon falls off in its rate. 

385, — WATCH N^C. — Of Besan^on make and good quality, 
made by H. Montandon. Size, over 46 mm. (20 lines). 

Diameter of balance 19 mm. (0’76 ins.). 

Ratio ; B : C : : 16 : 1 nearly, ' 

The rate was good and well sustained. 

386, — WATCH N“ 7. — Ordinary quality. 

Size, 88 mm. (17 lines). Diameter of Balance, 15 mm. 
(0*59 ins.). 

Ratio ; B : C : : 15*5 : 1. 

The Balance was heavy as compared with other watches 
of this size. 

For fifteen years the owner failed to get good results with 
this watch. Several watchmakers had examined and altered it 
to no purpose. One renewed the balance-spring ; anotlier the 
mainspring; another replaced the original balance by one of 
considerably greater weight, &c. Kone, however, were suc- 
cessful in securing a good rate. 

It was brought to us for examination. We began by 
improving the depths ; of the jewelled holes some were badly 
polished and others too thick. The action of the barrel was 
rendered easy and reliable, and a mainspring employed which 
acted uniformly and without any sudden variation. When the 
three elements of timing ( 364 ) had been properly harmonized, 
the watch maintained an excellent rate, notwithstanding that 
the balance was somewhat heavy. 

The calliper of tlie watch made it necessary to rely on 
these jiarticular corrections; had this not been the case we 
should have preferred to replace the balance by one that was 
larger and lighter, so as to diminish the sensitiveness to 
friction and thus secure, for a longer period, constancy in 
the equilibrium between these three elements by making it less 
■dependent on uniformity of the motive force. 

387, — WATCH N® 8. — Size, 34 to 35 mm. (15 lines). 
Diameter of Balance, 15 mm. (0.59 ins.). 

Ratio ; B : C ; : 16*5 ; 1. 
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The calliper of this •watch "was aiTanged by M. Loschaud, 
a skilful watchmaker of Geneva, and the rate remained perfectly 
constant during about two years ; it then, without any apparent 
cause, became iiTcguIar. 

After very careful examination we have come to the con- 
clusion that these variations are to bo attributed to changes in 
the motive force and in the rubbing surfaces tbroiigbout the 
train. Those changes are exjilioablc wlion wo consider the 
small dimensions of the barrel and centre ■wheel, wliilc the 
'fourth wheel is out of j)ro])ortion, and its teeth, therefore, too 
large. The esca])o-pinion, moreover, w'as somowl5at large and 
its leaves too thick. 

The Eelation of the Diameter of the Escape-wliocl to that of the Cylinder. 

387a. — In paragi-aph 382 reference is made to the amount 
by which the cscapo-whccl overlaps the edge (;f the balance. 
Such remarks, as well as the cmpii'ical rule that the diameter 
of the escape-wheel should bo half that of the balance, are 
useful as aids to examination, but must only be looked upon as 
giving an approximate mcasime. 

The dimensions of the cylinder depend not only on the 
diameter of the escape-wheel but also on the height of the 
impulse jilane; and this height often varies on wheels of the 
same diameter, and depends on the size of the Avatch. 

TABLE 


SnOAVING THE RELATIVE DIAMETERS OF BALANXE AND CYUNDER 


IW WATCHES THAT HATE BEEN GOOD TIMEKEEPEES. 


388. Obbervek. Datjo. 


Gannery . . . . 

r> 

C : 

: lG-5 

1. 

Rodanet . . . . 


C : 

: 18 

1 


IB 

C : 

: 17*3 

1. 

F. Berthoud . . . 

B 

C : 

: 20*7 

1, 

PlERRET . . . . 

(1> 

IB 

C : 
C : 

: 20 
: 18 

1. 

1. 



C : 

: 1G*3 

1. 

Laumain • . . . 

]b 

C ; 

: 18 

1. 


(b 

C : 

: 16 

1. 

Patek and Philippe 

B 

C : 

: 16 

1. 

Delmas 

B 

C : 

: 16*5 

1. 



C : 

: 17 ; 

1. 

C. Saunieu . . .- 

h 

C : 

: 17*5 

1. 



C : 

; 16-5 ; 

1, 

1 


0 : 

: 16 : 

1. 


Size op Watch. 
Ordinarj dimensions. 
Gentleman’s 18-line watch. 

,, 10-line ,, 

Fusee watch, 7li00 vibrations. 
Size, 14 lines ; wheel, 13 teeth.. 


Size, IG lines. 

19 IS ,, 

Various sizes. 

Size, 14 and 15 lines. 
Size, 19 lines. 


99 

99 


19 

14 


19 

19 


Gentleman’s large watcL 
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IVote on this Table and Concluding Remarks. 

JIS9. — The data contained in tbe above table, when taken 
in conjunction with the results at which we have previously 
arrived, show that in average size watches of modem construc- 
tion we must not fall short of the proportion 1 to 16, and that 
it is generally advantageous to let the diameter of the balance 
slightly exceed this amount. 

These figures constitute an excellent guide, but can only 
bo regarded as final if wo remember that Metion, one of the 
elements to be considered, varies in different watches, and that 
a slight difference in the weight of the balance arms, or of the 
rim, must influence its diameter. For it should never be 
forgotten that the mean diamder is deduced from the circum- 
ference of jicrcussion (45), which varies with (1) any redistri- 
bution of the mass (354) ; (2) any change in the weight of tho 
central portion, whether it be due to the cylinder or the 
balance-spring collet. 

:590.— We will conclude with an observation (which Ave 
often have occasion to repeat) and by the mention of certain 
facts bearing on it. 

Certain empirical rules, deduced from obseircation, are 
current among watchmakers, but they must never be accepted 
as principles. The only principles that must bo followed in 
the construction of a machine, of Avhatever nature, are those 
fundamental laws on which the science of mechanism is based. 

The timing of watches, clocks, etc., is not secured by 
adopting one particular form or one size rather than another, 
but it is mainly dependent on the arrangement as a whole, on 
the careful adjustment of all the parts ( 2 * 0 ); hence, watches 
that are good timekeepers are often met with having inclines 
high and low, straight and curved ; cylinders more or less 
opened; long and short lifting arcs, etc., etc. The fact tliat a 
timekeeper is well regulated to-day only proves one thing, 
namely, that the most efficient combination of the several parts 
exists for the moment ; but it would be rash to conclude from 
this that it will be maintained unless we first pay due attention 
to tho changes which may take place in the friction and motive 
power. 

The truth of this is daily illustrated by the numbers of 
watches of the very commonest quality that are found to go 
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perfectly well, and incoin2)etcnt watchmakers cannot explain 
the fact. Tlie reason, however, is very simple. Equilibrium 
is maintained among the several opposing influences, because 
one set of faults is neutralized by another set ; but, owing to 
the indifferent workmanship, the friction changes in a very 
brief period, and then one set of influences preponderates, 
so that, in time, most of these watches, having gone well 
perhaps for a j^eriod of two or three years, become utterly 
incapable of maintaining a uniform rate. 

Practical Details. 

391 . — The two facts mentioned below, which have oc- 
curred in our own daily experience, are noteworthy; they 
require no explanation. 

Some years ago wo sold a cylinder watch, whoso rate was 
truly surprising. It hardly lost a minute a month. At the end 
of six months it was only four minutes wrong, and rather more 
by the end of the year. The lower cylinder pivot was broken 
by a fall. It was replaced with great care, but left slightly 
larger, and the jewel wdiich received the original pivot, being a 
little rubbed at its edge, was replaced by one tliat had been 
obtained in a shop. This latter ruby was not so deeply cupped, 
or so highly polished as the original one. The friction of the 
lower cylinder pivot, therefore, was a little greater than for- 
merly, and this increase in the friction was sufficient to occasion 
a slight irregularity in the going. The watch, however, con- 
tinued to maintain a uniform rate, but with the loss of two, 
and sometimes three, minutes in the course of each month. 

392 . — The second observation has reference to a cylinder 
watch, made early in the century, which maintained its rate 
with considerable accm'acy. All tho f)ivots w'orked in brass 
holes, and the balance-spring was hammered, as was usually 
the case at that period, presenting a very unsightly appearance. 
This spring consisted of only seven coils ; it expanded evenly 
and was possessed of considerable elasticity. 

Irritated by its ugliness, the watchmaker to whom the 
watch belonged, notwithstanding our advice that he should not 
interfere with it, replaced this spring by a modern rolled 
spring, very pretty to the eye, and having in the same diameter 
twelve coils ; but he was much astonished that his watch, after 
going with wonderful accuracy in its original condition, wont 
very indifferently when altered. 
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Its former rate was only recovered by replacing the 
rejected balance-spring ( 350 ). 

TO OESION A CYLINDER ESCAPEMENT. 

303 . — In order to thoroughly comprehend the action of 
the several jiarts of an escapement, and to determine their 
exact ])roporti(ms, one of the best means is to first draw it on a 
largo scale showing the j^f'sitions of these parts at different 
periods of its action. 

The following is the system wo generally adopt, in order 
to obtain working drawings of a cylinder escapement. 

Wo will select for illustration an escapement having a 
12-tooth wheel. This number is taken on account of the 
smallness of the engraved plates, and because the teeth are 
sufficiently largo to avoid all fear of the lines being confused 
when the scale of the drawing is reduced. 

We wish to know the proportions of a cylinder escapement 
having : 

Escape-wheel, twelve teeth and 10 mm. (0-39 in.) in 
•diameter ; 

Impulse plane inclined at an angle of 20” to its base ; 

Thickness of cylindrical shell equal to one-eighth the length 
of the impulse plane. 

As the diameter of the escape- wheel is known, it is multi- 
plied by twenty, thirty, forty, etc., according to the size of 
drawing required, and a diagram will thus bo i)roduced from 
which all the dimensions of the escapement can be ascertained 
by merely dividing by the above number. 

The space being limited, we will only make the figiu'C 
twenty-five times its natural size. Ton multiplied by twenty- 
five give 2o0 mm. as the diameter of the wheel or a radius of 
125 mm. 

On a large sheet of drawing paper, fixed on a drawing 
board, describe with a centre c (fig, 5, plate I.) and radius 125 
mm. (4-92 ins.), the arc ii d q of a ckcle, part of the circumference 
of the escape-wheel. 

With a wheel of 12 teeth the interval between the heel of 
one tooth and that of the next will bo an ai'c of 30“, or 360® 
-divided by 12. 

Draw the radius d I c. From b measure off an arc b d of 
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30", or else by means of the protractor^ supplied by mathe- 
matical instrument makers, or yet again by the more delicate 
methods explained at the end of the work, set off the angle 
B c D of 30°, and proceed thus throughout the entire circum- 
ference of the wheel. 

The angle b c n exactly includes, at the circumference, a 
tooth and a space, and each line enclosing it touclies the heel of 
a tooth. 

The cylinder nmuld occupy the position n a when enclosing 
a tooth, and when placed in a space between two teeth, it will 
fill the interval ad; it is tlius seen that its two diameters touch 
at the point A, and the exact determination of tliis point is a 
matter of some difficulty 

The angle BAy consists of (1) the lifting angle; (2) a 
small supplementary angle hkg^ which approximately equals 4® 
with a 15-tooth, and 6" Avith a 12-tooth wheel. 

Since By a is a rectangular triangle, the sum of the two 
angles y BA, BAy is equal to 90". Hence, if the lifting angle 
together Avith the small supplementary angle h kg be sub- 
tracted from this amount, the remainder gives the measure of 
the angle / b /: draw the line b / which is thus determined. 

In order to ascertain the ratio between the internal and 
external diameters, adjust the propoidional compass so that the 
length of the short legs is to that of the long legs as 8 is to 10. 

Using B as a centre with the shorter legs, and d Avith the 
longer, vary the opening of the comjDass until the two arcs of 
circles struck from these centres cut each other in a point on 
the line b a /. By this means the point a Avill be fixed. 

The lines a b and a d will be the internal and external 
diameters respectively of the cylinder, and its two poi^tions 
will thus be knoAvn. 

Now draw the three circles, h, u, p. 

The entire drawing should first be completed with a finely- 
pointed pencil, for it is necessary before inking it in to co-ordi- 
nate all its parts, and more especially to slightly modify the 
lifting angle Avhen this is found to be necessary. 

From the centre c draw the arc x # « z, passing through the 
middle of the chords of the inclines, and the arc A a r e through 
the points of the teeth. 

The small circles Jc, «, p, previously described, will enable 
us to ascertain (1) the slope of the heel of the tooth ; (2) the 
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depth of the U'Space (v v'). This depth should extend Lclow 
the cylinder by at least half the radius of this latter. 

Draw the line cam, passing through the point a at which 
the two diameters meet, and, by dividing each arc of SO'’, into 
which the wliole circumference was divided, in a .similar 
manner, it will be very ea.sy to accurately and fully rejjresent 
the action of the escapement in all its successive positions. 

The line m n is drawn from the middle point n of an incline 
perpendicular to it. When drawing the curved face of the 
impulse curve, the j)oint of the compass must be placed on 
this line. 

The circumference ni ij must now be described with a 
radius c in. It will then only be neccs.sary to draw from the 
middle of each incline a tangent to this cii’clo in order to 
ascertain the line on which the point of the comjiass should be 
placed to trace out each impulse curve. 

REMARK. — It must be carefully observed that in this 
drawing no notice has been taken of the play necessary for the 
proper action of the escapement, and that a few degrees must 
therefore be added to the lift in order to prevent any loss in the 
lifting action from (1) the play which the tooth must have 
within the cylinder, and (2) the rounding of the cylinder edges. 


CHAPTER V. 

ACTUALi REPAIR AND COA'STRIJCTIO^^ OF THE 
CYEIIVDER ESC.APERE^fT. 

394. — Although specially intended to assist those watch- 
makers who are engaged in the repair of watches, manufacturers 
will derive from this chapter much useful information. The 
subject of which these latter are specially ignorant is the 
alteration effected by time in the condition of the mechanism 
of a watch. On’y new w'atchcs come under their notice, and 
these arc never seen again after they have once been exported ; 
the manufacturer is thus seldom in a position to foresee the 
circumstances that will influence its going in the future. 

A Word on the expression “ Watch- jobbing.’* 

395* — To thoroughly repair a watch, it must never be 
forgotten, is an operation which requires more knowledge than, 
and quite as much skill as, is necessary for its manufacture on 
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the large scale, especially at the present day when the sub- 
division of labour is carried to such an extreme. IIow then is 
it that the practice of repairing clocks and watches is designated 
by the utterly unsuitable term watch-jolhing ? 

This word, which in popular language is about equivalent 
to cobbling, has contributed not a little to bring about the 
discredit into which the profession of the watchmaker is 
gradually falling ; in proof of this fact one need only mention 
the disdainful employment of the phrase, “ He’s only a jobber,” 
by men when complaining of a watchmaker. It is to be hoped 
that skilled watchmakers will choose another title, another 
designation that is both more fair and more suitable ; that they 
will both insist on its being used, and maintain its dignity by 
preventing workmen from adojjting it until they have given 
sufficient evidence of abihty. 

If this suggestion could only be fully carried out, much 
good would result to the trade generally, and especially to those 
practical men who have a sound knowledge of their profession. 

A Hint to Young IVatchmakers. 

396. — The following chapters are more especially addressed 
to young -watchmakers. The details given are the result of a 
prolonged practical experience, and will help them in their 
daily work ; this is the more necessary because, at the present 
day, -wages are very low, and it is of the first importance that 
they know how to ascertain the fault, and to rapidly rectify it. 

But they must always bear in mind that by the exercise of 
very little skill a timekeeper can be rendered secure against 
stopping by a workman of but moderate ability, the Avatch being 
at the same time ruined by the random altering to Avhich ho 
resorts ; on the other hand, theoretical knoAAdedgo is essential 
in order that timing, the criterion of real ability, can be per- 
formed with success. 

The power of systematically examining a watch, of re- 
solving, without numberless trials, on the adjustment which is 
necessary in order to secure a good rate, and at the same time of 
feeling confident of arriving at such a result, all this is possessed 
by the intelligent watchmaker, but never by a man who mends 
on a simple rule-of-thumb system. 

One need only refer to those who waste time in the practice 
•of the less important methods and processes, and yet, even after 
a whole life spent in watchmaking, are often quite incapable of 
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making cei’tain kinds of watch go well, or even of ascertaining 
why they go badly. 

To IVIcasnrc tbe lEcis^lit of the Incline. 

397. — The following is the method we adopt for measm'ing 
the height of the incline, a method that has been already re- 
ferred to. 

The number of degi'ecs in the lifting angle is measured on 
the circumference of the cylinder, and, since the ratio of the 
circumference of a circle to its diameter is constant (137), it 
will be at once evident that the height of the incline can be 
represented by an invariable fraction of this diameter ; it will, 
therefore, only be necessary to know the size of the cylinder or, 
in its absence, of a smooth arbor that passes with very slight 
play between two teeth of the wheel, in order to ascertain, from 
a comparison of this size with the height of the incline, the 
exact amount of real lift that the tooth will impart. 

By applying this geometrical ratio of the diameter and 
circumference we find that : 

When the height of the incline is one-seventh of the 
diameter of the cylinder, the total real lift is rather more 
than oO'’ ; 

When one-sixth, it is about 88“ ; 

When one-lifth, it is about 4G“; 

When one- fourth, it is about 58“ ; 

And for intermediate heights the lifts are proportional. 

Hence, if the cylinder, or, in its absence, the arbor replac- 
ing it, be held between the longer arms of the incline-gauge 
(see the description in Chapter VIII., Article 503) successively 
at the corresponding divisions, the distance apart of the small 
arms of the instrument will give the different heights of the 
incline, by which a total real lift of about 30“, 40’, 4o“, 50“, &c., 
may bo secured.* 

This simple and convenient method has the advantage of 
promptly indicating the height of the impulse curve, and of at 
once showing how much difference may exist between escape- 
ments which to the eye arc identical. 

A watchmaker who accustoms himself from his apprentice- 

• When mahing a new wheel it is possible, bj merely knowing its diameter, to 
determine tbe height of incline beforehand by calculation. But since this analytical 
solution might, with some reason, frighten some of our readers, we shall, in its stead, 
give a practical method subsequently. 
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ship to thus measure the hcij^lits, by employing the incline- 
gauge, will in a short time be able to adjust them by eye, and 
not be very much wrong. 

398 . — It will of course have been gathered that the height 
of the incline is always the space contained between the heel of 
the tooth and the circumference passing through the point. 

A,— 



Fig. 23. 

Thus, witli a tootli formed as A (Fig. 28), this height is equal 
to A B, whereas it is only c D for a tooth .shaped as ii s D c. 

It would be a useful precaution if, where this latter form 
is adopted, a line such as n d were allowed to remain on tlui 
flat of the tooth ; this line -vv’ould merely be a j)orlion of the 
circumference that pa.sses through the points of the teeth, that 
is, tlirough the points of contact with the locking surface. 

Practical Details concerning tlic Pscapc-Wliecl. 

390. — We have already shown the inconveniences which 
resulted from the brass Avheels formerly employed in this escape- 
ment. In more modern times they have been replaced by 
wheels of steel, and those can be both light and thin. The 
hardening, since it increases their rigidity, avoids all risk of 
the teeth being bent, and the decomposition of the oil is ren- 
dered less rapid ; further, if the steel is of the very best quality, 
carefully hardened, and if the points and inclines of the teeth 
arc highly polished, experience has .shown that wear docs not 
occur, and that the pressures on the edges of the cylinder are 
maintained constant throughout a very long period. 

In workshops the size of the escape-wheel is determined 
by that of the fourth wheel of the train (that carries the seconds 
hand), a slight allowance being made to ensure the heel of the 
tooth clearing the pinion of this wheel. Many Swiss makers 
miwisely make the fourth (or seconds) wheel as large as the 
third or very nearly so, in order, as they afBrm, to increase the 
size of the escape-wheel, and thus, while rendering the friction 
during locking less detrimental, to increase the distance between 
the balance and the pinion of the fourth wheel and be enabled 
to introduce a much larger balance: a very erroneous argument, 
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whicli is apt to mislead from apparently having a theoretical 
basis. The sizes of the wheels must, as wo have already said, 
diminish gradually in proportion to the force by which they 
arc impelled ; and it must never bo forgotten tliat, of two 
extremes, it in Idler to have Hie cscape-wheid somewhat small and 
a heavy regulator rather than a large wheel in conjunction with a 
light balance. 

400 - — For small watches (under .30 mm. or about 13 lines) 
the escape-wheel should be less in ])ro]>ortion, for, in watches 
of this class, (1) the number of its teeth is loss; (2) the motive 
force is very feeble, and if tlie last wlieels arc large they oppose 
too much resistance to motion ; as a consequence a A'ery slight 
change in the consistency of the oil sulTices to disari’ange the 
timing ; (3) the number of oscillations per liour is greater (19,000 
to 21,000) so that the movement of the cylinder is more rajnd. 

The teeth should be sufficiently numerous. A large 
wheel with few, and therefore long, teeth requires a large 
cylinder, Avhich will bo more inlluenced by variation in the 
motive force ( 345 ). 

Only the portion of the wheel from the centre to the 
pillars must be tempered to a greyish-blue tint. If the teeth 
could remain as they are left from the hardening, it Avould be 
all the better, but this is impossible; the more they arc let 
down the less satisfactory they become. It is hardly necessary 
to add that the wheel must run true and flat ; that all its teeth 
must be made true throughout their length, and as regards the 
distance between the point of each tooth and the heel of the 
one Avhich succeeds it ; that its arms should be narrow' so as to 
reduce the w'eight ; that the pillars must be rounded to a 
.sufficient depth below the level of the incline lest they rub 
against the cylinder at the same time as it docs ; and, indeed, in 
order to prevent them from drawing away the oil Avhicli by' its 
more rapid thickening Avould thus tend to jiaralyse the motive 
force. 

The acute angle of the heel should be very slightly rounded 
and polished ; the points should be rounded off in both directions 
so as only to rub in the middle. 

The inclines and points must be very highly polished, but 
fine grinding is preferable for the fiat of the tooth, since it 
facilitates the retention of oil, an important imint in this 
escapement. 
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The U’iirnis slioiild bo rather nan’ow and placed near the 
heels of the teeth, as shown in figures 2 and 5 (plate I.), 
otherwise in the large arcs of vibration the end of the banking 
slot w'ould touch against these arms and interfere with the 
going of the watch. 

It is well to cut the heel in a slo])ing direction, as is shown 
in the same figures, especially when the height of the tooth is 
considerable. 

Construction of the EscapC'Whccl. 

401 - — The explanations which this question involves are 
very numerous and rather go beyond the repair of watches. 
We have therefore devoted the whole of Chapter VII. to details 
of construction of the cylinder escapement. The reader will 
find there and in Chapter VI. (Causes of stoppage and variation) 
all the information he can require either for constructing an 
escape-wheel or adjusting one already made and such as is met 
with in a watch or at the material dealers. 

In addition to all the details of construction, there will 
thei*e be found all necessary particulars with reference to fixing 
the wheel in position. 

To Make tlie Escape- Wheel True. 

403 . — This operation consists in the equalizing of the 
internal and external drops. 

The method usually adopted when the inside drops are 
unequal is to adjust all the teeth to equal the smallest, which 
should just enter into a hole in a small brass gauge made on 
purpose. This hole then serves as a measure for the other 
teeth. 

To adjust the IJ-spaces they should, in the absence of a 
better means, bo measured with a smooth cylindrical arbor 
passing without play between the point and heel at the greatest 
space. 

The matter in excess is removed by an ii’on file charged 
with oilstone dust and oil; a better means, however, is to 
employ a small niby or sapphire file. 

This method will not always procure an absolute equality 
in the drops ; for to guarantee this it would be necessary that 
the gauge embraced a space and a tooth, but the above will 
suffice for all ordinary purposes. 

It is preferable to reduce the teeth at their points rather 
than at their heels ( 411 ). 
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Various tools for making horizontal escaj)e-'\vhcols true can 
bo obtained at the tool shops. Some of these will be found 
described in the article devoted to this subject in the Waich- 
ma/cers’ HandbooU. 

Practical Details on the Cylinder. 

Ilubv Cylirulcr. 

403 . — A cylinder that is made with ruby, providing it is 
supplied with oil, is very nearly indestructible, except in case of 
accident. We have nevcrtlieless occasionally met with them in 
which these working surfaces were deeply worn ; this is doubt- 
less caused mainly by the injurious employment of Balas or 
Spinel rubies in place of Oriental rubies or sa])phircs, wliich are 
the only ones possessing the requisite degree of hardness. 

The friction against a ruby cylinder is less harsh than that 
due to the action of steel against steel, but it has the disadvan- 
tage of rendering the timing difficult, mainly from this very fact 
of the friction during tlie lockings being less. 

Those who advocate the abolition of friction will, of course, 
at once cry out tliat the i)receding paragraph is paradoxical ; 
but will they explain the following fact, which is well-known to 
every watch-jobber ? As a rule it is only possible to regulate 
escapements with ruby cylinders after the lapse of a few weeks 
or even months, and this precisely corresponds with the period 
at which the consistency of the oil becomes greater. 

In our opinion the fact admits of a very simple explanation, 
and all that we have hitherto said may be summed up in a few 
words. 

404 . — The proportions adopted in the great majority of 
escapements with ruby cylinders have been simple copies from 
those with them of steel. It follows therefore that the ratio 
existing in the first instance between the impelling force and the 
resistance caused by pressure on the locking surfaces (that is 
the friction) is destroyed. The principal elements could then 
only be brought 'nto accord by adjusting afresh the several 
parts of the escapement in such a manner as the diminished 
friction shows to be necessary ( 364 ). 

The disuse into which the ruby cylinder has fallen is duo 
not only to its high price, but perhaps, in a still greater degree, 
to errors in its construction. Indeed we have met with many 
escapements of this class, which proved to possess one or more 
faults, such as the following : 
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(1) The dimension of the axes excessive ; (2) too great 
a •weight at the centre of the balance, as compared with tlio 
weight of its circumference ; (3) the balance not running true ; 
(4) two banking pins being necessary, or perhaps one very 
large one ; and this limits the arc available for the vibration of 
the balance, often occasioning banking when the oil is fresh. 

A workman, when about to replace a ruby by a steel 
cylinder, must first be careful to ascertain, by the method 
which we have explained in considerable detail, that the 
balance is well adapted to the escapement. In the groat 
majority of cases of this kind that wo have been called upon to 
examine we have found the balance either too small or too 
heavy when a steel cylinder is substituted for one of ruby. 

Chapter VIII. will enter into some particulars relating to 
the construction of a ruby cylinder. 

Steel C^'lindcr. 

405 . — A cylinder merely made of steel, thoroughly 
hardened where the friction occurs, will, providing it has been 
carefully made and well polished, continue for a very long time 
in action without showing any signs of wear ; but, as in the 
case of the ruby cylinder, it is very important that oil be 
supplied in sufficient quantity. 

The steel cast in square bars and known as forged steel is 
considered by most authorities to be the soundest; and yet 
nearly all the French and Swiss watchmakers employ the drawn 
or screw steel, because they consider it to be less liable to crack 
than the forged steel. We prefer this latter, because, being 
more homogeneous, it takes a better and more even polish than 
any other, but it has the disadvantage of being more easily 
burnt if a cherry red heat is exceeded in the hardening. 

The admirable cylinders, still in excellent condition, that 
are met with in the older horizontal watches, were all made of 
forged steel, but this metal requires so much care, both in 
working and hardening, that it was wisely replaced in the 
factories by drawn steel. We shall explain the reason of this 
in the article which treats of the construction of the cylinder. 

Formerly the plugs were formed of copper, a fine steel 
wire being centered in them so as to form the pivots. At the 
present day the plug and pivot are turned out of the same 
piece of steel, which is first hardened, and then let down to a 
deep blue shade. 
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The finished cylinder should pass with hut slight play 
hetween the point and heel of two successive teeth. Its 
internal diameter will depend on the length of a tooth, and the 
play should ho rather more than that which is allowed outside. 

Should tho tooth ho too short, the shell of the cylinder 
would of course ho then very thick. This would materially 
increase the width of the lips, and the inequalities in the 
friction during the internal and external lockings, hocausc these 
two rests would occur at the extremities of radii of different 
length. When the thickness of the shell is excessive, a "watch 
usually goes very hadly, and it hccomcs necessary to replace it. 

The thickness must not he more than that which is neces- 
sary in order to ensure due solidity. One-eighth of the length 
of the inclined plane must he taken as a maximum limit, and at 
times it may he less without inconvenience. 

A too open or too close cylinder. 

406 . — It has hcen demonstrated that the amount of tho 
cylinder opening is not a matter of indifference ; that tho exact 
depth to which it is to he cut away is indicated hy the manner 
in which the effect of the friction during locking is neutralized. 
We moreover observed that, commencing with a cylinder opened 
to the requisite extent, and gradually increasing this opening, 
the extent of the arc of oscillation of tho balance as gradually 
diminishes ; and, in the converse case, if the original cylinder 
is replaced hy others more and more closed, the thickening of 
the oil renders the escapement the more sluggish in propoidion 
ns tho length of tho period of rest becomes more considerable. 

This fact having been made clear, avc would ohsers’e that, 
as regards the cylinder escapements met with at the present 
day, where tho half-shell measures from lOC^ to 200^*: 

When tho cylinder is too much open the extent of the arc 
■of vibration is not sufficient. By maldng the escajiement 
deeper we increase the external drop at tho expense of the 
internal, and the escapement is rendered still more unsatis- 
factory. As to a very chsed cylinder, it involves an impulse 
cm've more inclined than would otherwise he necessary, and 
therefore a greater motive foi'co must he applied in order to 
onsure tho watch against setting ; hut, if the height cannot he 
thus increased, tho point of the tooth will act against tho back 
of the edges, or even against tho locking surfaces, and butt 
against them. It Avill he essential, in order to facilitate the 
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going of such an escapement, to make it somewhat shallower, 
and, since the middle of the incline wall thou not pass through 
the centre, the external drop will he increased, while that 
within the cylinder will have become shorter. 

Measure of the Openinpf. 

407. — It has been already seen (040) that in cutting tho 
cylinder opening rather over five-tivclftlis of the diameter is cut 
away, that is to say, when the cylinder is finished the depth 
of the half-shell should be somewhat under scvcn-hocJfths of the- 
diameter, or one-half plus a bare twelfth. 

The height of the opening should be about one and a half 
times that of the wheel, measuring from the base of the pillar 
to the upper face of the tooth (see the end of 6 : To make a 
cylinder^ article 464, Chap. VII.). 

The edges and locking surfaces of the cylinder must be 
very highly polished, and great care is necessary to avoid 
sharp cutting angles or burrs, especially at the inside end of 
the slope of the disengaging edge ; such a burr constitutes a 
cause of stoppage that is but seldom noticed. 

The tools employed for measuring the amount of opening 
will be described in Chapter VIII. 

Depth of the Banking Slot. 

408. — The small hankiny slot, wdiosc object is to enable 
the balance to perform a complete rotation, must measure 270'^ 
of circumference, so that the pillar will not measure more than 
90®. Sometimes it is even cut deeper, when the IJ-arms arc 
not level with the heels of the teeth, or when the teeth of the 
wheel are too short, so as to avoid the striking of the end of 
this slot against the U-arms. 

In such a case, the portion removed exceeds three quarters 
of a circumference by the amount by which cither the teeth are 
too short, or the heels project beyond the An iron 

file charged with oilstone dust and oil is generally employed 
for this operation, or else a small flat ruby file held edgeways. 

The height of the banking slot is about three times the 
thickness of the flat of the escape-wheel. We say about this 
amount, because it is not sufficient with very thin wheels, and 
too much in the contrary case. 

When the slot is cut in the manner above explained, the 
balance should jjei’form an entire revolution without being 
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touched by the (J-arm; if it does not do so the banking pin must 
be out of jdace. We shall subsequently see ( 425 ) how such a 
fault can be counteracted. 

A too large or too small cylinder. 

409 . — We shall not here consider the size of the cylinder 
from the point of view of its regulating power (261 and 269 ), 
but simply the relation of its internal and external diameters to 
the escape-wheel in the escapements ordinarily met with in 
practice. 

If the inside and outside drop are insufficient, either the 
shell is too thick or the teeth of the wheel arc too long. 

If there be too much drop inside and not sufficient outside, 
the cylinder is too large. With too much drop outside and an 
insufficiency inside the cylinder is too amall. 

In either of these two cases, or when it is too thick, the 
cylinder must be replaced. 

We would, however, observe, for the benefit of watch- 
jobbers, that Avhen a cylinder with a shell of proper thickness 
is somewhat large, or when a cylinder with a too thick shell is 
rc-made, it is nearly always possible, by adjusting the outside 
drop, without specially troubling about the inside drop, to 
ensure sufficiently accurate timing (providing the watch is not 
'Otherwise faulty). 

With too much intemal drop and none at all outside, the 
shell being somewhat thick, the teeth are too short and the 
cylinder too large, and with two such faults combined it 
becomes necessary to re-make the escapement. 

General Mule for Watch-Jobbers. — A\dien the external drop is 
slight, even although it is considerable within, the shell thin 
(one-eighth the length of the impulse plane as a maximum), 
the cylinder sufficiently closed, and the tooth of the right 
inclination and not too much curved, the vibrations will, as a 
rule, be free, and pretty good timing can be secured. 

It must be clearly understood that this observation only 
applies to the repair of watches, for every new escapement 
must, if it is expected to maintain a good rate, be constructed 
in accordance with the principles above laid down. 

Verification and Adjustment of ilie Drops. 

410 . — The objections to an excessive drop are already 
.known j it occasions a loss of force and increases the difficulty 
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of timing ; we must, then, allow of no more than is essential tO’ 
ensure the play of the escapement. 

In order that the drop may not exceed this necessary 
amount, it is of the first importance, as we have already said, 
that the middle of the chord of tho incline pass through the 
centre of the cylinder and that a very tliin cutter be employed 
in fonning the teeth of the wliccl. In practice it is usual to 
give rather more drop inside tluin outside; for it is almost 
impossible to bo certain that tho middle of the incline is not 
somewhat short of the centre or beyond it, in which case the 
heel and point of tlio tooth arc liable to rub at the same time, 
in spite of a slight latitude in the internal drop: the same effect 
might be observed on making the esca])emcnt somewhat dcc])er. 

Such a fault might also bo occasioned by the operation of 
polishing having affected the trueness of the internal cylindi-ical 
surface. 

The drops will be equalized by truing the wheel ( 402 ). 
At the same time, if the iiTcgularities in tlie drop are consider- 
able, and one is unable to replace tlic wheel, it will bo well to- 
give just sufficient drop for the longest teeth, rather than 
to have excessive drops throughout, and the following is the 
method of procedure : — 

The mainspring having been wound up, and the balance- 
held by a strip of paper, it is caused to rotate by means of a 
fine piece of peg-wood, until a tooth falls to rest. Then, causing 
tho balance to travel a little backwards, it will bo easy, by 
giving the wheel a little oscillatory motion, to ascertain whether 
it has the necessary play both when a tooth rests within tho 
cylinder and when this latter is hold within a u -space. After 
repeating this operation round the entire wheel, and making a 
mark with rouge ojipositc each [J that is too narrow and each 
tooth that is too long, the ■wheel is removed and the requisite 
corrections made with a small ruby file. The teeth arc then 
re-formed and polished carefully where necessary. 

411 . — It is preferable to reduce the tooth at its point, 
unless, of course, the heel projects too much beyond tho arm of 
the u, or the inclination of the impulse plane is too gi'oat. As 
a rule, cither of these circumstances will render it necessary to 
carefully touch the teeth of tho wheel. We have already said 
sufficient to enable the watchmaker to decide as to the best, 
method to adopt in such a case. 
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412. — Ohtervation. — The drop, when the incline is curved, 
is the more violent as the curvature is more pronounced. In 
some cases, which the workman will be able to decide upon for 
himself, it is well to work down the impulse curve, an operation 
which can be performed without difficulty by means of the 
Incline Tool described in Chapter VII. The incline should still 
project considerably in front of the pillar after it has been thus 
re-formed. 

Escapements that we have corrected in the manner above 
explained, were at once characterized by (1) an increased 
amplitude of oscillation ; (2) a less amount of drop, for the 
noise heard when it occurred was very sensibly reduced. 

The liifit of the Fscapemeiit. 

413. — Starting with a very slight lift, we know that, if the 
pitch of the wheel within the cylinder be gradually increased, 
there is a sensible increase in the extent of the vibrations 
until the middle of the chord of the incline coincides with the 
centre of the cylinder ; but, if this point bo exceeded, the extent 
of viln’ation either remains the same or diminishes (311-313). 

The entire question of the lift then reduces itself to this 
one rule : the middle of the chord of the incline must coincide with the 
centre of the cylinder. The escapement is then in adjustment. 

Relying on this principle, we would observe that (1) by 
deepening the lift, that is by pitching the incline beyond the 
centre, the period of rest is increased, the liability to setting 
becomes greater, the external drops too great, and the intenial 
too small ; (2) by falling short of the centre, the oscillation is of 
insufficient extent, the external drop too great, the internal too 
Mnall, and, if the opening of the cylinder is considerable, the 
points of the teeth fall on the lips, instead of the locking 
surfaces, etc. 

The mistake made by those who expect to increase the 
energy of impulse by deepening the lift is now manifest; the 
only effect of such a practice is to introduce an impediment and 
source of irregularity from the very first. An escapement so 
arranged is sure, in the course of a few months, to move 
sluggishly ; it will bo very liable to set, and the fate will soon 
become variable. 

If, with an escapement in which the middle of the incline 
is placed centrally, the vibrations are not of sufficient extent, it 
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results either from the escapement being constrained or badly 
made, or else from an insufficient motive power ; it is generally 
due to bad depths, a bad mainspring, too low impulse curves, 
too great cylinder opening, etc. ( 343 ). As already exj)laincd, 
we can practically ascertain whether the incline is in adjust- 
ment by this criterion : it is the point at which the external 
drop is a minimum. 

414 . — When the half-shell measures 196®, if four impulse 
planes bo made, whose heights are 1/7“', 1/6“' full, 1/5“', and 
1/4“' the diameter of the cylinder, the centres of the inclines 
will coincide Avith the centre of the cylinder when their total 
apparent lifts are respectively about 30", 35", 40", and 45". 

If the cjdindcr be a few degi’ees more open, the number 
of such degrees must be deducted from the amount of the lift ; 
if, on the otlier hand, it be more closed, the amount by wdiich 
the half-shell exceeds 196® must be added to the lift, in order 
to ensure that the middle of the chord of the incline may pass 
through the axis of the cylinder. 

It is a good practice to draw, on a large scale, a number 
of half-shells of 190", in conjunction with impulse curves of 
different inclinations, and to indicate against each the amount 
by Avhich the real exceeds the apparent lift. These designs will 
then, so to speak, servo as tables of reference. 

Cliapter VII. is specially devoted to details of construction 
of the cylinder escapement, and in it will be found all necessary 
information bearing on the making of the cylinder, as well as 
the pivoting and adjustment in position. 

Pivots and Axes. 

415 . — In every escapement it is essential that the balance 
be perfectly free, in order that the arcs described may be of 
sufficient extent j thus the diameter of the pivots must be as 
small as possible, due regard being had to solidity. 

As a rule their diameter is about one-eighth or one-tenth 
of that of the cylinder. The only effect of exceeding this 
amount is an increase in the friction, and a consequent 
diminution in the extent of the vibrations. 

In practice the length of a balance pivot is about three 
times its diameter. The extremity is made flat with a sharp 
angle, only rounding it so that it just does not scratch on the 
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nail. This form is adopted so as to render more uniform the 
total friction in different positions. It will be subsequently- 
seen, however, that such a practice is not always beneficial. 

The shoulder must have an elongated conical form. This 
shoulder after all is nothing but a useless mass of metal which 
attracts the oil and, when this has become thick, increases the 
resistance opposed to the balance, since there is a considerable 
surface constantly exposed to its action. 

For the same reason it is essential to have hollows against 
the cylinder, and the axes should be rather long, so as to 
prevent the faces of the plugs and shells from attracting the oil. 
When space is available the lower shell and axis should be 
proportionately longer : the ])lug will then be more solid, and, 
the pressure acting on the c}'lindcr being more equally divided 
between the two pivots, the friction will be less. 

All the escapement pivots should work in rubies of good 
quality, whose holes, not being liable to increase, will accurately 
maintain the positions of the several parts. If they are well 
polished and kept supplied with oil, the friction is less than in 
brass holes and the pivots resist wear longer ; but it is important 
that these pivots be made of hardened steel, tempered only to 
a deep blue and that they be round, cylindrical and carefully 
polished. 

The play of the pivots in their holes should be, according 
to the experiments of reliable authorities, a sixth of the 
diameter of the pivot. Thus, if a pivot placed between the jaws 
of a micrometer marks G, the hole should be of such a size as 
to admit, without play, a pivot marking 7. Every ai)prentice 
should possess a carefully made pivot gauge, and a number of 
blue steel wires at the extremity of which to make pivots of the 
sizes of the several holes until he has attained the requisite 
amount of skill to enable him to correctly adjust the play by 
means of the eye and touch ; that is, by observing what amount 
of shake of the pivot in its hole is possible ( 417 ), 

The pivots of the escape-wheel are made of the same size 
as those of the cylinder, sometimes they arc rather finer, and 
it is sufficient to make their length twice their diameter. 

410 . — A very serious fault, observable in the majority of 
horizontal watches, is the almost entii’C absence of any axis to 
the pinion of the escape-wheel. Such an omission causes the 
oil from the pivots to spread itself over the pinion, which 
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attracts it ; tins increases the wear of the parts in contact, and 
makes the friction of the depth depend upon the greater or less 
fluidity of the oil as well as on the amount of dust incorporated 
with it ; hence this pinion is usually found to be worn or pitted 
after going a very short period, and many watches vary, and 
even stop, simply from the thickening of the oil on its leaves.* 
If the great majority of watchmakers, or those who call 
themselves such, instead of perpetually indulging in empty 
platitudes, would make purchasers understand that the con- 
ditions whicli are essential to ensure good timekeeping cannot 
be secured in watches of less than a certain thickness, one 
might then, in addition to securing other advantages and 
without making the thickness in any way excessive, retain the 
two axes which are essential to the escape-wheel pinion. Their 
importance will be the more manifest when it is remembered 
that the escapement pinion is the last portion of the train, and 
is thus acted on with the least energy by the motive i)Owcr. 

Since the period at which we wrote the above in our first 
edition matters have somewhat changed. 

At the present day the public is utterly disgusted with thin 
watches ; but there are circumstances which make us fear that, 
under the influence of inferior watchmakers and ignorant 
manufacturers, who manage to overcome their difficulties more 
easily with thick watches, the public will be liable to go to the 
other extreme. 

We are constantly meeting with watches of considerable 
thickness, produced in certain factories, and yet so badly made 
that the escapements are characterized by nearly all the faults 
met with in thin watches. 

Each axis of the cylinder should be formed like a double 
cone, one of the cones being inverted (Fig. 1, Plate I.); by 
such an arrangement the oil is prevented from reaching the 
chamfers of the plugs ( 91 ). ° 

The axis of the escape-wheel pinion should have the same 
doubly conical foim, so that the oil, which must bo supplied 
very sparingly, may be retained on the pivot. If ever so 

• The presence of oil on the leaves would not occasion wear if it continued pure 
but it collects all the diist and dirt on llie points of contact ; a sort of fine sand is thus 
spread over the surface, and under the pressure of a depth with such en-’a-inff 

friction as that of a six-leaved pinion it acts in a manner precisely analogous to oUston^ 
dust and Oil. 
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slightly in excess, it spreads and readies the pinion, whidi is 
then covered with oil, while the pivot-holes are dried up. 

These axes of the escape-wheel must not be too largo. 
The cone contiguous to the jhvot has a doidde effect ; it retains 
the oil and reduces the extent of the shoulder. It must always 
be pan-ow, and especially so in small watches. 

Jewelled Ifoles. 

417. — The rubies or other jewels that receive the escape- 
ment pivots must bo perfectly straight ; in other words, they 
must be so fixed that the axis of the hole is perpendicular to 
the jdate. Otherwise the pivots, being held on an inclination 
in the jewel-hole, are liable to become worn all the sooner, and 
to be cut even in large holes. It is important to make sure that 
in the side and edges of the holes there are no scratches or 
cracks in which the fine diamond dust might have gathered. 
It would mix with the oil and very soon destroy the pivot. 

It is necessary that there be a very slight interval between 
jewels and the faces of endstones, in order that, through the 
action of capillarity, the oil may be gradually supplied to the 
pivot-hole as the small quantity contained in it gets dried up 

If the holes are too large, the total friction becomes variable 
in consequence of the several parts being differently affected 
by a change of position (in which case the timing in positions 
becomes a matter of extreme difficulty), and the oil soon spreads 
over the endstones. All these influences taken together have a 
very prejudicial effect on the rate. 

\yheu the holes do not allow of sufficient play to the 
pivots, the balance may be free enough when the oil is fresh, 
but as soon as this becomes thick, the vibrations are impeded 
and the ivatch either varies or stops ; for, be it remembered, it 
is necessary to give more play, in pi’oportion, to the cylinder 
pivots than to those of the other mobiles, in order to ensure 
that the balance is always free. 

The holes should have oil-cups of suitable depth ; by this 
means the friction is reduced. 

In a vast number of modern watches, and unfortunately 
even in many of those which pretend to be of a suiicrior quality, 
the jewels arc rather a Hind than in any sense beneficial. Badly 
worked, and of insufficient hardness, they are less serviceable 
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than good carefully hammered brass presenting a sufficient 
extent of rubbing surface to the pivot (41). 

The article on Jewels in the Watchmakers' Handbook enters 
very fully into this subject, and we will conclude with one 
important observation. 

418. — Some authors have stated, a priori^ that by in- 
creasing the number of jewelled holes, the timiug is materially 
facilitated. 

Now observation shows that, in cylinder watches con- 
stnicted thirty or more years ago, the timing becomes a more 
and more delicate operation as the number of jewelled holes is 
increased. Generally speaking, with eight rubies such watches 
arc characterized by a greater sensitiveness to changes in the 
condition of the oil and in the temjierature, than when all the 
pivots of the train work in brass holes. 

The explanation of these phenomena is not far to seek ; it 
is entirely a question of friction. 

By substituting hard rubies, with their holes well cupped 
and highly polished, for the brass in which the third and fourth 
wheels work, the transmission of the motive force is facilitated. 
It acts then more promptly and energetically. 

It must, therefore, necessarily follow that the irregularities 
in the motive force due to the depths of the initial mobiles, and 
the occasionally irregular movement of the mainspring as it 
uncoils, have a much more jironounced effect on the escapement, 
and the harmony existing amongst the three principal elements 
of the arrangement is at every instant being distm'bed, etc. 
(3C4). 

The following observation has a bearing on this subject. 

419. — Those modern watches, jewelled in eight holes, 
which have a good rate, arc nearly all provided with cylindci's 
rather smaller, and balances heavier, than are found in older 
watches of the same dimensions. 

We would mention one fact having reference to a gentle- 
man’s watch 40 millimetres (18 lines) in diameter. The move- 
ment had been made by a very clever maker of small watches ; 
either from habit, or with a view to showing good work- 
manship, ho had made all the pivots of the train unusually fine. 

For several years this timekeeper, which was unquestion- 
ably well made, went very badly. A watchmaker, doubtless 
suspecting the cause of these ii'regularities, removed the four 
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rubies from the third and fourth wheels, and replaced their 
pinions, making the four pivots of the usual sizes. After these 
alterations the watch became a reliable timekeeper. 

Practical details on the Italance^Sprini;. 

420 . — In the modern callipers the diameter of the balance- 
spring is equal to the radius of the balance. With the compass 
set to half this radius, and with the cock pivot-hole as a centre, 
make a mark on the stud, and another under the projecting end 
of the index. The second of these, passing between the two 
curb pins, indicates their position. The mark on the stud 
gives the point at which the hole should be drilled to hold the 
extremity of tlie spring. 

Within this space are generally included from eight to 
twelve coils. 

It is of course evident that this empirical condition cannot 
be in any -way regarded as precise. It is, ho-wever, the rule 
most generally adopted in practice. 

Much has been written on long and short balance-springs, 
■without thro-^'ing special light on the subject ; attention has, 
however, been drawn to the fact that, when they are too long, 
the timing of cylinder escapements is less sati.sfactory. A spring 
of about eight or nine turns .seems to be the one best adapted to 
the generality of such escapements, and many well-known 
watchmakers, after a jjrolonged practical experience of this 
escapement, have come to the conclusion that, in the great 
majority of cases, the timing is worse as the length of the 
balance-spring exceeds the amount above given. 

The length of the spring adapted to any given cylinder 
escapement should bear a certain relation to the velocity and 
the extent of the supplementary arc, as a clever observer, M. A. 
Vallet, has noticed. We would add that there is yet another 
condition to be satisfied, for the isochronism of the balance- 
spring of a chronometer is not identical with that of an escape- 
ment in which the rest is frictional. 

This question ■will be considered in its proper place; it 
cannot bo discussed in the present chapter, ■ndiich is intended 
as a summary of the general principles that guide experienced 
practical men. We ■udll only observe that, in the great majority 
of well-made cylinder escapements, there is one length of balance-^ 
spring that secures the best and most permanent timing ( 350 ). 
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421. — A balance-spriDg, when pinned in position, should 
be so situated that the balance has to traverse equal arcs on 
either side of its position of rest, in order to allow of tho 
entrance and exit of a tooth. 

When the balance-spring has to be selected, the external 
coil is held in the tweezers, and the internal extremity is hooked 
into the slot of the cylinder, which can thus be lifted together 
with its balance. This process is termed weighing the balance- 
spring, but the expression is objectionable. Its weight, or rather 
strength, is approximately in proportion to the number of vibra- 
tions required per hour when, on lifting tho balance in this 
manner, the length of the cone formed by the spring is about 
one and a half times its diameter, the several coils being equi- 
distant and thoroughly elastic. But on such a subject a book 
cannot replace the practical instruction of a good master. In 
addition to this indifferent method, several other more certain 
processes will be found in subsequent articles headed To Time 
a Horizontal Watch Hvpeditiouslg (432*438). The instrument 
employed for measuring the strength of a balance-spring will 
also be described in its proper place. 

A balance-spring must be circular and accurately centred ; 
that is to say, when attached to the stud on the cock, and with 
the external coil between the curb pins on the index, the 
centre of tho collet pinned to the inner coil must be in the axis 
of the cock pivot-hole. 

Its elastic force must be the same throughout, in order that 
its entire length may vibrato and that the coils may open and 
shut together without touching. When such is not the case, we 
conclude that the coils are not of equal strength, and it becomes 
necessary to replace the spi'ing; for, as we have already explained 
in considering the verge escapement, the uniform and perfect expan- 
sion of a lalance-sprhig is the best test of Us regulating power (180). 

It must rest perfectly flat throughout its action, remaining 
parallel to the cock, and there should be sufficient distance 
between this and the balance arms to ensure freedom of action 
to the spring. The external coil must not strike against the 
stud or the centre wheel. It should lie in the path traced out 
by a point midway between the curb pins of tlie index ; foi’, 
otherwise, it might happen that in certain positions these pins 
strain it, and by moving the index towards slow we might find 
the w'atch to gain. 
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In all positions it must bo quite free between these pins, 
which should be carefully dried, in order to prevent stickiness 
of the outer coil. They must not be made of steel, as it is very 
liable to rust and to become magnetic. 

The second tmm must not strike against the innermost pin. 

The index is provided with a small brass block called a 
turn lutlon, which can be caused to rotate and is j^rovided with 
a thin projecting strip to prevent the balance-spring from 
slipi^ing from between the pins. 

Lastly, very great cai’e is necessary in the selection and 
fixing of the siu'ing, for it has a most inqjortant influence in the 
timing. 

In jobbing, if a spring be found to bo too weak, its 
strength should bo increased by removing a little from the 
centre, as the coils there are more sensitive than those outside. 
When the strength is excessive it can be reduced, but this must 
be done to the same extent throughout its entire length, an 
operation of some difficulty, as will be gathered from the 
subsequent description of the methods usually employed. It is, 
then, preferable to replace it by a spring of suitable strength. 

Prior to putting an esca})cmcnt together, the workman 
should make sure that the collet holds firmly on the balance, 
and that it is accurately in the centre of the spring. (See the 
article on the Balance-Spring in the Third Part of this Avork.) 

Practical Details Relating to the Balance. 

433. — In factories it is customary to take as a measure of 
the diameter of the balance, the diameter of the barrel cover, 
when this cover is on the same side as the teeth ; this amounts, 
very approximately, to the external diameter of the barrel di-um 
itself. 

This measure may be adopted, since in modern watches of 
average dimensions it only differs slightly from the strictly 
correct diameter ; but this adoption of it must be dependent on 
our experience of watclu's that are well timed for all positions 
and comparable in every respect wuth the one we liaA'e in hand. 

Certain makers, who from long experience have observed 
that good timing always folloAvs on the securing of a certain 
proportion between the radius of the escape-wheel (on which 
that of the cylinder depends) and the radius of the balance, 
have fixed as a maximum size of this latter iicicc the diameter of 
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the escape-wheel, and, as a mean^ iwice that diameter lesn a tenth. 
This so-called rule cannot fail to give variable results. We have 
already had occasion to refer to this fact in paragraph tl87E. 

We shall revert to the subject in the article devoted to the 
consideration of the Annular Balance, but Avould at once observe 
that, when endeavouring to ascertain the correct size of the 
balance, the diameter that renders the escapement sufficiently 
insensible to variations in the motive force constitutes a 
satisfactory approximation (2(»4). 

423. — As to the weight of the balance it must depend 
upon the actual im 2 )elling fon^c of Iho escape-wheel. Now, 
although we may not yet jjossess accurate information on the 
subject, we are able to cmjjloy two methods for indicating the 
energy of this iinjiulse : 

(1) By observing the greater or less facility with which 
the cscajjcment commences its motion when the mainspring is 
wound up to a definite extent (329); 

(2) The time required for the balance to acquire its mean 
amjilltudo of oscillation, reckoning from the commencement of its 
motion duo to the winding uj) of the watch. In some watches 
it may even be as late as the fifteenth vibration that the balance 
acquires its average maximum extent of oscillation. (See 
paragrajjh 440 and the general chapter on Balances.) 

Since a moderator is more etlicient when slightly heavy, 
providing the weight is in no part excessive, it is advisable 
when exjjerimcnting with the balance that it bo somewhat 
heavy in the rim in the first instance ; its subsequent diminu- 
tion should depend on the results of the above observations 
numbered (1) and (2), and we must remember that: 

Too light a balance will never regulate efficiently ; it is too 
much at the mercy of the motive force, the resistance of the 
air, the clogging of oil, &c. A balance that is too heavy 
increases the harshness of friction and the risk of breaking 

o 

pivots with a fall. It requires a stronger balance-spring, a 
greater motive force, and at times renders the watch more 
difficult to time, especially in positions.* 

* A heavy balance increases the difBculty of timing in positions. When it is 
placed horizontally, the balance pivots are subjected to less friction ; for this only 
occurs at the end supporting the weight ; if timed for the vertical position it would 
gain when horizontal; conversely, when vertical the friction of the balance pivots 
increases, since they rub throughout their entire length against the sides of tho 
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In para^aph :|.*4 suflicient details arc given as to the best 
disposition of the total weight of the balance. 

The most suitable material for the construction of tlu; 
balance is one which, while sufficiently firm, contains the great- 
est weight in the least volume. Steel is unsatisfactor}*, not- 
withstanding that, after hardening, its firmness is greater than 
that of any other metal ; for, besides being liable to rust, it is 
apt to become magnetized ; and, volume for volume, it is lighter 
than brass. 

A balance should bo made of well-hammered metal ; it 
should be perfectly free and ti’uly poised, and its form should 
be such as will cut the air with the greatest facility. It should 
be perfectly true and in one plane, nearly all its weight must 
be at the circumference, for it is essential that the centre and 
arms contain a minimum of matter. It must be free of the 
cock, the centre wheel, the balance-spring stud, the curb 
pins, the balance-spring itself, escape-wheel bar, plate, etc. 
Care should be taken when riveting it in position that one of 
its arms is exactly over the back of the cylinder, so that, if 
necessary, the escapement may be examined on the depthing- 
tool. 

We shall explain the special precautions to be taken in 
making a balance in the Watchmakers^ Handbook. 

]l"umber or Vibrations per Hour. 

434. — The amplitude of the oscillation of a balance in a 
horizontal watch is usually about three-quarters of a complete 
circle (270°), for, as long arcs secure the more perfect timing, 
the extent should bo increased as far as the risk of banking will 
permit. 

Make the escapement so that it gives 18,000 vibrations per 
hour (5 per second). As this number of vibrations gives good 
timing it is generally adopted (but not in those subject to 
severe shaking) except in the case of those that are under 

pivot-holos, and the watch, i£ timed for the horizontal position, will lose whoa hanging 
vertically. 

This variation in the friction of the balance pivots with a 'Jiangc of position always 
increases with the weight of the balance, as may be easily proved. {Jurgetisen.) 

These facts arc all perfectly true in the generality of cases, but, when the i)ivot- 
holes are carefully made and properly cupped, the friction of the ])ivots can be rendered 
independent of position. It is also possible to modify the gain or loss by using another 
balance-spring that is better proportioned. 

lo 
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29 millimetres (13 lines) in diameter. These small mechanisms, 
owing to the very slight motive force, are specially affected by 
being carried and by changes of temperature, and should there- 
fore beat from 19,000 to 21,000 and even 24,000 per hour, 
according to their minuteness. It docs not render them at all 
more liable to wear. 

We give the number of oscillations adopted in Geneva in 
accordance with the size of the watch. 

Diameter of Plate. Number of Vibrations. 

From 45 to 29 mm. (20 to 13 lines) . . From 17,000 to 18,000 

27 mm. (12 lines) 18,000 „ 19,000 

22 to 23 mm. (10 lines) . . . . 19,000 „ 20,000 

20 to 13 mm. (9 to 6 lines) . . . 20,000 „ 21,000 

The large size watches, 45 mm. (20 lines) in diameter, are 

timed veiy well with 18,000 vibrations per liour; but this is 
only on one condition, which, witliout being invariable, is at 
the same time nearly always realized in practice : namely, that 
the diameter of the balance is less than that of the lid of tlie 
barrel, when, as is usual in modem watches, the baiTol occupies 
the entire space between the centre pinion and the edge of the 
plate. 

Any watchmaker who is cognizant with the principles of 
mechanics will easily understand the reason of this. 

OvcP'RankiiiK of the Balance. 

To fix the Banking Pin and Stud. 

425 . — The balance in a cylinder watch is capable of per- 
forming a complete rotation. 

If the vibration exceed this amount, it will be found that, 
on turning from right to left,* tlio end of the banking slot of 
the cylinder, represented by the dotted line o d (a, fig. 29), will 
strike against the IJ-arm, the tooth, projecting beyond the 
engaging lip, will become wedged and the cylinder will be held 
fast so that it cannot be brought back by the balance-spring ; 
such a condition of things is indicated in figure A. 

This is what is called over-hankivff. 

Over-banking would also follow on the cylinder being 
turned too much from left to right ; for if the tooth were no 
longer held by the locking surface it would fall inside the 
cylinder ; the (J-arm would drop against the end of the slot, 
and on the cylinder being brought back by the balance-spring 

® Or in Ihc opposite direction if the escapement be left-handed. 
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it would butt against the heel of the tooth, the end of the slot 
at the same time being held against the U-ann, as is shown at 
£ and c, figure 29. 

Over-banking is avoided by fixing in suitable positions the 
•cock banking stud and the banking pin of the balance. 

When the escapement is at rest and uninfluenced by the 
mainspring, that is to say, when the mark on the balance is 
<lirectly over the central mark on the plate, the banking pin 
vshould be opposite its stud and in precisely the same plane 
with it. 



Should the pin not be in its proper position, one or even 
several of the following faults may bo met with: (1) over- 
banking, especially against the small lip, Avhen the heels of 
the teeth have been cut to a rather sharp angle ; (2) striking of 
the end of the slot against the U-arms; (3) frequent strildng 
of the banking pin against its stud. The pin must be moved 
slightly to the right or left according to the side on which the 
fault is observed. 

The method adopted in practice for ascertaining whether 
the pin and stud arc correctly placed is as follows : 

The spring having been wound up one or two turns, 
the balance is checked by a strip of thin paper, and is 
caused to travel first in one direction and then in the other 
by means of a piece of pegwood, until the pin strikes against 
the banking stud. If the complete rotation can be performed 
without any of tlu3 above faults showing themselves, both are 
properly located ; but if over-banking occurs, if the point of the 
tooth comes too near to the edge of the lip, or if the wheel 
-recoils slightly when the pin comes neai- to the stud, it is 
essential that the position of cither the pin or stud bo altered. 
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When the pin is resting against the stud tlicrc must always 
he a slight play between the U-arms and the end of the 
banking slot; any strain due to a shako must be supported 
entirely by this banking jiin. 

436 . —With a ruby cylinder there are two studs. Anyone 
•who has thoroughly mastered the subject up to this point will 
be able, without difficulty, to ascertain whether these two studs, 
which limit the extent of the vibration, are essential; and 
whether by bringing them closer together, or by moving the 
pin slightly to the right or left, it will not bo possible to increase 
the arcs of oscillation and, by so doing, to secure more perfect 
timing. 

To mark the lifting points and the position of the balance-spring stud. 

437 , — Let it be required to mark on the plate of a watch 
two points to indicate an apparent lift of 40®. 

Measure on the Grammaire (see paragraph 507 ) a circular 
arc of 40® by means of a pinion gauge ; that is, rather more 
than one-third of the diameter of the balance. Then mark on 
the plate below the balance, and corresponding to the two 
points of the gauge, two lifting points {a and n, fig. 32, page 
239), so named because they indicate the extent of the total 
lift. A third point c, called the central point, must be made 
exactly midway between a and w.* 

One or two turns having been given to the key, cause the 
lifting action to take place, observing it very carefully with an 
eye-glass, and at the same time moving the balance, which is 
held by a piece of paper, by means of a pegwood stick. 
Immediately on a drop occurring keep the balance stationary, 
and make a mark with rouge on its edge opposite to the first 
lifting point (that is, the last reckoning in the direction in which 
the balance is moving). The cylinder is now gently brought 
backwards until the second drop occurs, and another mark is 
made opposite to the other lifting point. If the two marks 
coincide in one and the same spot, it indicates the position for 
the reference dot on the rim of the balance; but if they arc 
separate this dot should be placed midway between them. 

The balance is next brought backwards until the dot is 

These marks sliould be hclow the edge of the balance, because if they were 
outside it they would no longer give the lifting arc as measured at this rim of the 
balance, but an arc which is the smaller according as they are more distant from the 
balance, and would, therefore, give an erroneous measure of the lift. 
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over the central mark, and the balanee-spring stud should he 
examined to ascertain whether it lies in the same direction. 
If it is to the right or left, a little rouge should be placed on 
the balance directly beneath it ; the balance is then carefully 
removed and the reference dot is made on its edge, a small 
mark being also made on the top of the rim to indicate the 
position of the stud, and thus facilitate the replacing of the 
balance-spring whenever it has been removed. 

It may be observed that usually it is only necessary to 
make one mark on the balance, if care has been taken when 
placing the lifting marks on the plate to make the central point 
come accurately below the middle of the car of the cock ; in 
other words, of the stud itself. 

Short method of Tcrif>ing a llorizontal Escapement. 

428. — This verification can only be efficiently performed 
on a depthing tool, provided with a graduated sector as is 
explained subsequently in the article on escapement planting ; 
but in ordinary watch- jobbing, and even in examining, it is 
possible to verify the escapement with sufficient accuracy before 
taking the watch to pieces, and therefore, of course, without 
resort to the use of the tool. 

It is first necessary to ascertain that the reference dot on 
the balance is properly placed, that the lifting points on the 
plate (a and ?/, fig. 32, page 239) are at the correct distance 
apart, and that the central point c is accurately midway between 
them. 

About a quarter of the arc a c or c » is now marked off on 
cither side of c. These arcs, 1 c, c 2, to the right and left of e 
measure about 5® each. 

The spring having been wound up one or two turns and the 
balance held by paper, it is caused to slowly rotate by a pog- 
wood point, and the several functions are tested in the manner 
described in the next article. 

If the result of this examination is satisfactory it only 
remains to clean the escapement and put it together again, after 
having put the remainder of the watch in thorough repam. 

When any faults are ascertained to exist in the escapement 
they must be corrected as explained in the following paragraph, 
but it must always be remembered that the empirical data there 
given arc not to be taken as in any sense invariable, and a 
watchmaker who is thoroughly cognizant with the theoretical 
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considerations and experimental data exjdained and set fortli in 
the preceding chajiters never need be at a loss as to the means 
to be adopted for securing, with any given cylinder escapement, 
the most perfect rate that its qualit}'’ admits of. 

Planting tlie Pseapement. 

Verifiention on the Depthing Tool. 

439 . — It has been shown that when the inclination of the* 
impulse planes is insufficient the real lift is not of the requisite^ 
extent ; for if, in such a case, we deepen the escapement Avith a 
vieAV to increase the lift, a setting, increased friction and 
excessive external drops must result ( 413 ). 

The reader has also seen that Avhen the inclination of the 
teeth is cxccssh’e, it becomes necessary to increase tlic motive 
force in order to avoid setting, and then tlie Avear of the edges 
becomes more rapid, and the banking of the balance more 
frequent; if, in order to avoid these effects, we make tluv 
escapement shalloAvcr and so reduce the lift, wo give rise to 
excessive external drops. 

In a previous article ( 406 ) we have enumerated the errors 
that arc occasioned by employing cylinders either too much 
opened or too much closed. In another article ( 409 ), the- 
characteristics of a cylinder that is too small or too largo as. 
compared with its escape-wheel are given. 



Fig. 30. 

Bearing these facts in mind, take the cylinder and tlio 
wheel fixed on its pinion, or on an arbor, and adjust the two 
in the depthing tool, having previously attached the appliance 
represented at A b d, fig. 30, to the centre which carries the 
cylinder. 

This appendage, as will be seen, consists of a triangular 
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sheet of brass riveted on to a collar of the same metal. Thtii 
collar is split throughout the greater part of its length so as to 
impart elasticity to it, and thus to hold the brass sector in any 
desired position on the centre. 

The lines A and d enclose an angle of 45", which is divided 
on a circular arc into degrees, or at any rate into intervals of 
5". The line b must accurately bisect the angle and may be 
called the central line.* 

If the cylinder is by itself, ,it must be provided with an 
index by means of which the angle of lift can bo observed. If 
the balance is attached, the dot on its rim or a small rouge 
mark will servo as an index ( 401 ). 

Assume that a medium size lady’s watch, which should 
show an apparent lift of 45®, is under examination. We have 
selected this number because, as has already been pointed out 
at the end of paragraph 331 , such -watches are frequently met 
with in practice. 

The two arms of the tool are brought gradually together 
and the wheel is caused to rotate by the finger, occasioning an 
oscillatory movement of the balance. The appendage a b d 
is turned on the centre until the dot on the balance rim or the 
index attached to the cylinder performs half of this oscillatory 
motion on cither side of the central line. 

The wheel should fall to rest before occasioning a total 
lift of 35® or 38®, and this lift should be tested up to about 50®, 
in order to make sure that it will be possible, if necessary, to 
deepen the escapement ; then bring back the middle of the 
straight incline to coincide with the centre of the evlindor 
( 430 ). 

The lifting action must now be gently effected by means of 
the fingers, one pressing upon the wdieel lightly and another 
ffuidine: the balance, and the movement of the wheel is care- 
fully watched. If the tooth begins to lift when the mark on the 
balance is about 3® short of the central lino n, the escapement 
is satisfactory, and it only remains to trace it out as in the case 

® If a dividing engine is not available for this purpose, divide a round plate, 
perforated in the centre, into eight equal parts, each of which will contain 45®. Then 
subdivide one of these parts into 9 portions, each of which will represent 5®. Draw 
tlie central lino and carefully cut out the triangle so divided j it will be very approxi- 
mately correct if liie operation has been performed with care (ii, fig. 30). The pro- 
tractor supplied in a box of mathematical instruments can be employed for this 
purpose. 
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of an ordinary depth, placing one point of the compass in the 
pivot-hole of tlie escape-wheel. 

If instead of three degrees there are four or five, it indi- 
cates that the cylinder is a little too open, or the inclina- 
tion of the impulse plane somewhat excessive. Such faults 
may as a rule be overlooked ; but if the difference exceeds five 
degrees, the opening of the cylinder must be verified on a Jacot 
or cylinder gauge. If the cylinder is found to be too open it 
must be replaced. If the opening is correct, the error must be 
sought in the teeth, which arc too much sloped. They must be 
re-adjusted on the incline tool, removing as little metal as pos- 
sible, for the operation has the effect of increasing the drop. 

When the wheel is observed not to commence its lifting 
action until the mark on the balance has reached the central 
line or even gone beyond it, this indicates that the cylinder is 
too much closed or the tooth not sufficiently inclined. The 
opening of the cylinder must be examined into and corrected, 
if necessary, by reducing the entrance lip by means of an iron 
file and rouge or a ruby file. But if it be found correct the 
fault lies in an insufficient inclination of the teeth. They must 
be rendered more sloping, and if the workman is not provided 
with a special tool for this purpose he must reduce the tooth at 
its point, gently rounding it, and thus incline the point towards 
the centre of the wheel ; he must then polish the inclines 
lengthwise, first with rouge and finishing off with a burnisher. 

It is advisable to practice the verification of escapements 
in the depthing tool until their principles have been thoroughly 
mastered ; afterwards, when repairing watches, it will suffice to 
verify them in the manner explained in paragraph 438 . 

The same method is resorted to in determining the position 
or verifying the proportions of all these escapements, with this 
difference, that, if the total lift exceeds or falls short of 45“, the 
half -lift ought to commence from l®to 2®, or even 3“ further from 
the central line in the first case and nearer to it in the second. 

To cause the middle of the incline to pass through the centre of the cylinder. 

430 .— The only accurate method of setting the escape- 
ment at its true point consists in causing the middle of the 
incline to pass through the centre of the cylinder ( 413 ). 

In practice one is frequently compelled to depart from this 
principle in order to render serviceable escapements that arc not 
accurately proportioned ; but it is useful, as a starting point, to 
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first set the impulse plane in the exact position that it would 
occupy if all the parts were constructed in accordance with 
established rules. 

When the heel of the tooth escapes from the engaging lip, 
and the point falls on the internal locking surface (at c, fig. 31), 
if we assume that the middle of the straight incline coincides 
with the centre of the cylinder, it is evident that, as this incline 
represents a diameter, the entire amount by which the half- 
shell exceeds 180" must project beyond the point of the tootli. 
This projection will be IG" in the case of a half-shell of 196". 
When we remember that the rounding of the great lip occa- 
sions a slight loss on the lift, and that the incline of the dis- 
engaging lip occupies 10" of circumference, it is evident that, 
in practice, the point of the tooth cannot fall on the locking 
.surface at a distance of more than about 4“ from the beginning 
of the incline of the small lip. 

The external locking will also commence at a distance ot 
about 16® from the engaging lip ; but, since the very pronounced 
inclination of the small lip occasions a loss of several degrees 
on the lift, and further, since, in consequence of this incHna- 
tion, the tooth only moves the external surface of the cylinder 
during the second liaK-lift through the same actual distance as 
that tlirough which the internal sui’face is displaced during the 
first half-lift, so that the arcs have not the same value when 
expressed in degrees, it follows that the tooth will fall on to the 
external locking surface about 12" from the edge of the great hp. 



i'ig. ill* 

A change in the height of the incline will not occasion any 
variation in the distances between the cylinder lips and the 
points on which the tooth falls. 

For let b d (fig. 31) be the more elevated incline, its point 
falls at d ; but this is precisely the same as that occupied by c, 
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for the cylinder, being moved to a by the plane a c, is moved 
up to h by the plane h c'. 

If the half-shell exceeds or falls short of 100", it Avill be? 
necessary to add the difference in the first case, and subtract 
it in the second to or from the amounts above given. 

This being granted, the following is the method by which 
we can practically ascertain whether the middle of the straight 
incline is placed centrally. 

Having previously taken the measure of the half-shell, the 
balance is })laced in position and, while checked in its motion 
by a piece of paper, is caused to rotate until, with a half-lift 
of 20", the point of a tooth has reached the inner corner of 
the engaging lip (rather more in the case of Ioav inclines and 
less if the inclination is considerable). In this position of 
the escapement, if the middle of the straight plane is central, 
it necessarily folloAvs that the heel of the tooth on the other side 
of the cylinder must be on the prolongation of the diameter, 
and consequently the whole portion of the half-shell in excess 
of 180" Avill project beyond the heel. Thus with a half-shell 
measuring 19G", this amount will be IG", if 200" it will amount 
to 20", etc. 

By pressing the centre wheel backwards so as to bring this 
heel against the cylinder, and then moving the balance in the 
reverse direction until the heel escapes from the small lip and 
falls within the cylinder, it is easy to ascertain whether the 
projection is sufficient. 

If the opening of the cylinder bo determined Avith care, 
if on examination the form of the lips is found to rigidly con- 
form to the conditions already laid down, and if tlio aboA'c 
circumstances be borne in mind, it Avill always be possible, with- 
out much difficulty, to make the middle of the plane coincide 
Avith the centre of the cylinder very approximately, or at any 
rate to occupy the position which secures relatively the best 
going of the mechanism ( 414 ). 

IVotc on Timing; in Position. 

431 . — The difficulty experienced in maintaining the rate 
with a change from tlie horizontal to the vertical position is 
due to the difference in the total friction in the two cases. It 
will be evident that any inequality in the size of the pivots, 
their shape, the thicknesses of the holes, and the extent to which 
they are cupped, etc., will vary the ratio between these totals. 
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Generally speaking the thickness of a ruby is equal to the 
diameter of its hole, and the ends of the pivots are made per- 
fectly flat. 

When tlie foregoing operations do not suffice to secure a 
satisfactory rate; in the two positions, some watclimakers set the 
balance out of equij)oiso, proceeding as follows : — 

Tluj watch having been accurately timed when laid down, 
is suspended. 

If it gains in this position a small quantity of matter is 
removed from underneath the bottom of the balance. The 
np 2 )er portion of the balance being then slightly heavier than 
the lower, the arcs described will be rather longer and slower in 
this position without sensibly affecting those in the horizontal 
position, and the reejuisito retardation will thus be secured when 
the watch is suspended without changing its action in a hori- 
zontal plane.* 

If, on the other hand, the watch loses when suspended, the 
matter must be removed from the top of the balance, and then, 
since the bottom will be slightly the heavier, the arcs will be 
somewhat .sliorter, and a gain will occur in this position. 

A balance must not be put out of e<piipolse unless it be found 
absolutely necessary; and in any ca.se it must bo done with 
very great care and to a very slight extent, frequently te.sting 
the effect produced lest the re<julsite amount 1)0 exceeded. 

This operation, whicli has long been known, for it is re- 
ferred to in the works of IJerthoud, can only be resorted to 
when the oscillation does not extend beyond a coni})! etc circle. 
A greater oscillation would occasion effects directly the opposite 
of those Avhich occur with ares less than 300’. Besides, though 
it may sometimes bo advantageously practised with common 
watches, it is not to bo depended on for those that are carried 
in the waistcoat pocket and there take up variable positions ; it 
must, therefore, not be resorted to with watches from Avhich I’cal 
precision is expected. 

In fact, if a Avatch be constructed AA'ith care, if the escape- 
ment be made in accordance Avlth the prineqiles Ave have alread}' 
laid down, if the balance is perfectly equipoised and not too 
heavy, the timing in position will be so nearly correct as to 
render any interference Avitli the equipoise of the balance un- 

• Tlio tap and hottom of a balance are determined by a vertical line assumed to- 
pass through llie centro of the balance when the watch is suspended by the bow. 
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necessary,; for it must be always remembered that the solo 
obstacle to this timing consists in the difference between the 
total amounts of friction in the two cases, and that it is always 
possible to equalize those two amounts, as will be seen in the 
article in the third portion of this work which is specially de- 
voted to the consideration of this important subject (see para- 
graphs 433, 1438, 1443, 1450). 

To Rapidly Time a Cylinder Wateh. 

Determination of the number of Vibrations. 

433. — Several methods may bo resorted to when it is re- 
quired to promptly regulate a watch, and we proceed to indicate 
a few of them. 

It is essential, in the first instance, to ascertain the number 
of vibrations that should bo performed by the balance per hour. 

When the w'atch is taken to pieces for repair, the teeth of 
the wheels and the leaves of pinions are counted, and the num- 
ber of oscillations that corrcsjiond to the several dimensions is 
ascertained from tables prepared for the purpose (sec the chapter 
on the Calculation of Vibrations, Articles 1056 to 1060). 

This simple preliminary operation occupies barely three or 
four minutes if the requirements of these tables are properly 
complied with. 

If it is not desired to completely take the watch to pieces, 
the number of vibrations can be estimated by the aid of Timing 
Balances (439), or by the time occupied by two wheels in per- 
forming a rotation. Such a determination is usually very easy, 
for, in most modem liorizontal watches, the fourth wheel de- 
scribes 60 revolutions for each one of the centre wheel. This 
fourth wheel therefore rotates exactly once per minute, and the 
balance of such a watch makes 18,000 vibrations per hour; that 
is, 300 per minute. 

Having ascertained the number of vibrations, the desired 
end may be attained by cither of two methods ; one of which 
depends on the ear, and in the other comparison by the eye is 
resorted to. 

To Regulate by Counting the Vibrations. 

433. — We will take the most frequent case, in which there 
are 18,000 beats per hour. 

The springer, knowing that 300 impacts occur in a minute, 
■or 150, if, as is more convenient, only one be counted for every 
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two strokes, fixes his eyes on the seconds hand of the regulator, 
at the same time holding the watch to liis ear. When the 
hand stands at zero he begins counting the vibrations, and con- 
tinues (either uninterruptedly, which is somewhat difficult, or 
in scries of 10, 20, or 50 blows) until the hand has completed a 
revolution. 

If the number of impacts thus counted is exactly 300, or 
150 wlien every two are counted, the watch is regulated. The 
counting may be repeated for security. 

Should the number fall short of this amount the index must 
be moved towards fant ; in the contrary case it must be set back 
and the counting repeated. This process is continued until the 
adjustment is found to be satisfactory. 

In a few minutes, unless the construction be at fault, the 
watch will be so far timed that the watchmaker can part with 
it almost immediately. 

434. — Or another method may be adopted. This consists 
in employing a second watch, accurately timed, and having the 
same number of vibrations per hour. With a little practice it 
is easy, by holding a watch to each ear, to ascertain when the 
vibrations arc in exact accord (sec the Ilandhook). 

The Vibration Counter. 

435. — Considerable sldll, which however can always be 
acquired, is necessary in order to count three series of 50 each 
without error; but by employing the Vibration Counter of M. 
Leclerre, described in the Watchmakers’ Handbook, this operation 
is materially facilitated even though the counting be carried on 
to 300. 

It is then only necessary to count from 1 to 10, and each 
10 is registered by the instrument. This consists of a ratchet 
wheel with 60 teeth, which is maintained in any position by a 
click, and acted on by a pin provided with an external button. 
This pin carries at its inner extremity a hinged catch or pawl 
to engage wdth the teeth, and thus cause the wheel to advance 
one division each time the button is depressed by the finger ; 
the pin resumes its position as soon as the finger is removed, 
through the action of a spring^ 

The axis of the wheel carries a hand which traverses a 
scale of 60 divisions. 

Keeping the eye fixed on the regulator the workman com- 
mences to count, as explained in paragraph 433, holding the 
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watch against the ear with one hand, and having the counter 
in the other. 

Each time the word ten is uttered the button must ho 
depressed, care being taken to immediately remove the finger 
for the pin to resume its position. This is repeated until the 
seconds hand of the regulator has performed a complete rotation. 
If, when it stands over the 60, the word five, for example, is 
uttered in counting, this figure is noted, and the number of tens 
registered by the counter is ascertained. Suj)pose there to bo 
29 tens, or 290 vibrations ; adding 5 of the last incomplete ten 
w’O have 295 vibrations j)er minute. The balance-spring is 
then too w’eak, since tliere is a loss of five vibrations per minute. 

If, on the other hand, the counter indicate 30 or 31, wo 
should have in one case 305, and in the other 315 vibrations 
in a minute. The w^atch would, therefore, gain either 5 or 15 
vibrations in each minute. 

To Time rapidly by Comparison. 

436 . — In order to employ this method it is necessary to bo 
provided with a watch-movement accurately regulated, and 
beating the same number of vibrations as the watch to be 
timed. 

The two movements are placed horizontally in the same 
plane, in such a manner that the balances are in close proximity, 
and, when at rest, two of their arms arc in a straight line ; this 
arrangement is indicated in fig. 32. 

The two balances are now set in motion, either by momen- 
tarily touching the two arms p and H, or by bi'inging the two 
balances in contact and suddenly releasing them, or by any 
other suitable means. (See the following article.) It is not 
necessary that the extent of the vibrations be considerable. 
A very little practice will enable the workman to sot the two in 
motion simultaneously, and any error is at once detected by the 
two arms failing to pass the line of centres, 6 d, at the same 
instant. 

The balances must now be carefully watched ; if the arm 
H always passes this line at the same time as p, the watch is 
regulated, and the experiment need only be repeated once or 
twice in order to make certain. If n (that is, the watch under 
adjustment) gains on p it will be necessary to move the index 
of H towards slow and towards fast in the converse case. 

By repeated trials of this nature the watchmaker will 
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soon attain to considerable skill in comparing the movements of 
the two balances and in detecting any slight discordance. 

437. — Observation. — The two watches should rest on a firm 
support of considerable mass, and the period during which they 
continue in action should not be much prolonged if the main- 
springs are wound up. Every minute or two they should be 
stopped at the resting point of the balance-springs in order to 
avoid slight errors that arc occasioned by the mutual action 
of the two reciprocating bodies. 

To measure the strcnstli of a lSaIanec*Spriug. 

438. — We shall give in the Handbook the description of 
a tool to measure the strength of a balance-spi’ing ; but the fol- 
lowing process, which is only a modification of the methods 
above described, will suffice in all the ordinary work of the 
watch-jobber. 

He must be provided with a Timing Balance accurately 
timed, taken from a disused watch beating 18,000 vibrations, 
the whole mounted on a plate in the manner in which p is 
mounted on the plate a c d n. After having ascertained that 
the timing balance is provided with the requisite supply of oil 
and vibrates with perfect freedom, the workman proceeds as 
follows r 

The new balance-spring intended for the watch under 
repair is attached to its balance by the collet ; this balance is 



raised by pinching in the tweezers the external coil of the spring 
and the point of the lower pivot is allowed to rest lightly on 
the plate a c d b, an arm of each balance being set in one 
straight line as already explained. Maintaining the detached 
balance in this position the two are set in motion in the manner 
described in paragraph 436. 

With the reference balance somewhat heavier than the 
other it is easy to start their vibrations in unison by 
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momentarily allowing them to remain in slight contact and 
then separating them. 

The point at which the spring is held in the tweezers must 
be moved inwards or outwards according as its action is too 
weak or too strong, as the length of the vibrating strip is 
thereby altered; the operation must be repeated until syn- 
chronism of the two oscillations is secured. 

The point held in the tweezers indicates the position at which 
the spring should be jiinncd in the stud ; for the index of P is 
not provided with curb pins on either side of the outer coil 
of the balance-spring. By this method, then, it is possible 
to ascertain very rapidly at wdiat point the requisite resistance 
is offered by the spring ; but when in position in the watch, it 
still remains to be determined where the index should bo 
placed, and this must bo done by one of the two methods 
subsequently explained. 

Observation . — If the two pins arc very close together, so 
that the spring is practically gripped by them, the point held 
by the tweezers should come between them ; if they are very 
far apart, so that the balance-spring barely touches them when 
pushed towards slow, this point will, as already mentioned, bo 
pinned in the stud. Enough has, however, been said on this 
subject to ensure that the intelligent watchmaker will be able 
to judge,. very closely, at what distance from the stud the point 
held by the tweezers should be fixed. 

In springing watches many workmen in factories resort to 
the method here explained. It enables them to select a spring 
and pin it in position almost with a certainty of being correct 
and materially shortens the time occupied in timing.* 

Timing or Comparison Balance. 

459 .— It would be very useful if every watchmaker would 
provide himself with several balances mounted on plates and 
having balance-springs attached which give different numbers of 
beats, say 4, 5, 6, etc., per second. The number of vibrations 
in an hour should be engraved on each plate ( 1453 ). 

Such appliances would be serviceable not only for ascer- 
taining the strength of balance-springs, but also for determining 
the number of teeth or leaves of a lost wheel or pinion. When 

* A still more simple method of ascertaining the strength of a spring, held in the 
tweezers as above, consists in counting the vibrations of the balance during a minute 
' with the aid of a regulator or watch with a seconds dial. 
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we published tlii.s method wo were the first to indicate this 
second convenie-it application which is explained in detail in 
the article headed To replace a lost Wheel ( 1180 )- 

IVote on a Novel Means of determinlns the Weight 

of the Balance. 

Ilalf-Timing. 

440 . — A body, that is oscillating under the influence of a 
given motive force, requires a very short time to attain its 
maximum arc of vibration when it is light, and a proportionately 
longer 2 )eriod as its weight is increased (333). 

It is a consequence of this physical law that when the 
balance of a watch is too light as compared with tlic motive 
force, it at once attains to its maximum oscillation, while if it 
be too heavy the fii’st vibrations are very short, and they 
gradually increase in extent until the normal arc is performed. 

In some watches it is not until the fifteenth oscillation that 
uniformity is observed. 

We cannot here discuss the method in detail as our experi- 
ments on it are still in progress. They will enable us to 
compile a table giving without trial, and for all sizes of watches, 
the correct proportion between the weight of the balance and 
the motive force. We would at once beg our brother watch- 
makers to make experiments on thoroughly good going watches, 
and to communicate their results to us. A comparison of such 
results among themselves cannot fail to lead to the enunciation 
of a practical, safe, and accui'ate rule, based on an experimental 
physical law. 

The following method should be pursued : 

The mainspring having been let down, a rouge mark is 
made on the plate opposite, say, the banking pin. This mark 
enables us to set the balance so that the spring occupies its 
resting position. 

The mainspring is now fully wound up, and when the 
watch has gone long enough to overcome the excessive re- 
sistance that opposes the commencement of its motion, the 
balance is gently stopped in the resting position of the balance- 
spring; it is then set free, the gradual increase of the oscilla- 
tions being carefully watched through an eye-glass fixed in a. 
convenient position, and the vibrations are counted until tho 
full amplitude of oscillation is attained. 
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CALLIPER AND PROPORTIONS OF A CYLINDER WATCH THAT 
HAS GONE VERY SATISFACTORILY. 

441. — In concluding this chapter we cannot do better than 
lay before the reader the calliper and exact dimensions of a hori- 
zontal watch that has gone remarkably well for about thirty years. 

It bears the name of Robin, Paris. It has all the appear- 
ance of high class Geneva workmanship, and its thickness is 
somewhat less than that usually adopted by makers at the 
present day. 

The several plays, or intervals of safety, have been care- 
fully and intelligently regulated. The entire watch is still in 
a perfect state of preservation. Always after cleaning it has at 
once maintained its original uniform rate. 

We shall regard it as a standard of comparison; it is a 
substantial confirmation of the statement we are unfortunately 
so often compelled to repeat; good watches are the result of 
an intelligent application of the laws of mechanics. From this 
it must be understood that the same end may be attained by 
different means, provided only that they are in conformity 
with those laws. 


M 


riff. 33. 

The calliper of the watch in question is shown in fig. 33. 

On the right are given in a separate diagram the diameters 
of the several wheels, their distances apart being equal to the 
ra^i of the same; b, the barrel; c, the centre wheel; m, the 
third wheel ; t, the fourth wheel ; e, the escape-wheel : this 
arrangement makes evident at a glance the gradual decrease 
in the motive force. 

p is the fixed point of the balance-spring, whose diameter 
is indicated by the dotted line s. 

The following are the dimensions of the different parts 
accurately measured in millimetres and decimals. 
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Fixed Pieces. 

Total tliiclcness of the movement . . . . 3' 15 Millimetres. 

Plate, diameter 40 mm., thickness .... 1*53 „ 

Thickness of the bars 1*C2 „ 

Train. 

The numbers of the teeth of wheels and leaves of pinions 
Are indicated in fig. 33. 

Diameter 

Diameter. of 

Pinions. Pivuts. 

Barrel . ... 19 00 mm. 

Barrel Cover . . . 17-25 „ 

Centre Wheel . . . 13-50 „ . . 2-CO mm. . . 0’95 mm. 

Third Wheel . . . 10-70 „ . . 1-70 „ . . 0-20 „ 

Fourth Wheel . . . 9-96 „ . . 1-45 „ . . 015 „ 

Escape-wheel . . . 8-25 „ . . r05 „ . . 0-10 „ 

Motive Force. 

Barrel . — Internal diameter, 16 mm.; diameter of the 
barrel arbor, 5*2 mm. 

Mainspring . — Width 1*1 mm.; thickness, 0-2 mm.; length, 
59 centimetres. 

This spring was wound up half a turn for setting the stop- 
finger; it maintained equilibrium with the following weights 
(placed at the end of a wooden lever 185 millimetres long, and 
■weighing 3-88 grammes) during the winding up of the watch : — 
At the first turn of the key . . . 6-0 grammes. 

At two-and-a-half turns of the key 7-5 ,, 

At the fourth turn 9-0 ,, 

In going for twenty-four hours, the energy of the motive 
force fell off to the extent of very nearly one-thii-d of its full 
amount. 

Escapement. 

Balance . — Diameter 16-50 mm. ; weight (estimated from 
that of a broken balance of the same dimensions), 0-14 grammes. 

This weight was tlius distributed : In the rim . . 1^ ( 

In the arms and centre . . 2 j 

Cylinder . — Diameter 0-95 mm. 

Opening (measure of the half-shell) . . 0*55 ,, 

Size of pivots 0-11 „ 

Their length is two-and-a-half times their diameter. The 
pivots of the escape-wheel are a shade finer than those of the 
cylinder. 

Balance-Spring . — Total length, 182 to 183 mm. Diameter, 
8 mm., which comprises 11 5^ coils. The hole in the stud is 
4'60 mm. from the centre. Diameter of collet, 1’85 mm. 
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X?/;. — Apparent lift 30® (tlio incline is sliglitly curved). 

Lift on one side . . 26®. 

The real lift is therefore about 52®. 

There are four jewels to the escapement, and all the pivots 
of the train work in brass. 

As will be gathered from the numbers given in figure 33, 
the watch makes 18,000 vibrations per hour. 

Half- Timing . — When the mainspring is wound up one 
comjdete turn above the point at which the stop-finger holds 
it, the nonnal extent of vibration is reached between the 20th 
and 22nd oscillation. 

When fully wound up it is attained between the 14th and 
16th oscillation. 

The extent of the arc was found to alter slightly when the 
mainspring, from being only wound up one turn, was made to 
exert its full power. 

Ratios and Sundry Observations. 

442 . — The lines b, c, etc., in figure 33, graphically repre- 
sent the manner in •w'hich the motive force decreases, or, rather, 
the levers that transmit it. 

The action of the escapement commences with the first 
turn of the key, so the force is evidently considerable, and yet, 
thanks to the excellence of the proportions adopted, the balance 
does not in any way suffer from this excess of force ; a fact 
Avhich the two following circumstances go to prove : 

(1) It performs 15 vibi’ations before attaining to its normal 
amplitude when the mainspring is fully wound up. 

(2) This amplitude varied but slightly with a change of 
nearly one-third in the amount of the motive force. 

The effect of this force is well proportioned, and it cannot 
interfere with the timing since it decreases with uniformity ; 
this is shown by the proportion between the several weights 
which it maintains in equilibrium when the tension is varied. 
It will be understood that this result is in part influenced 
by the diameter of the barrel arbor and by the length of 
spring that remains always in the same position at the ends, 
as these portions are without effect on the going of the watch j 
that is to say, they lie beyond the limited range of the four 
revolutions allowed by the stop-work. 

Representing the balance by b, the cylinder by c, the opening 
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liy 0 (the diameter of c being called 100), and the pivots by p, 
the several proportions were found to be as follows : 

B:C::l7-3: 1. 

C : 0 : : 100 : 57 8 
C:P:: 8: 1. 

The proportion which the balance bears to the cylinder is 
■excellent, as will be seen from the experimental data given in 
article 388. The opening of the cylinder gives a half-shell of 
between lOO^and 200"; and the size of the pivots is that usually 
udopted by experienced practical men. 

It is thus seen that the prolonged good going of this watch 
need not in any way cause surprise, when the many elements of 
success that combine in it are taken into consideration. 

Other proportions might be deduced from the figures given 
above, but, before conclusions of any value can be deduced from 
them, it is essential that they bo compared ■with those observed 
in watches of other callipers. We, therefore, tnist that experi- 
■cnced watchmakers will communicate to us results analogous to 
those described in these articles ; they shall be published along 
with our own observations. At the same time we must remark 
that it is not worth while thus studying a watch unless it lias 
gone uninterruptedly for ten years at least without being 
meddled with by watch- jobbers. 

CIIAPTEll VI. 

CAUSES OF STOPPAGE AND VARIATION IN TDE 
CVEINDER E8C.4PERENT. 

Vfear or PUtlni; of the Cylinder. 

443. — Wear of the cylinder is usually occasioned: 

(1) By the presence of a kind of gritty mass formed by 
the mixture of oil and dust, or due to the fact of the oil being 
dried up. The friction then occurs between dry surfaces ; 

(2) Imperfect polish. The rubbing surfaces not being in 
sufficiently close contact, the roughnesses of the metals interlock 
and wear a-way ; this increases the friction, and the form of tlio 
parts is modified ; 

(3) Bad quality of the metal, which, from being brittle 
und of varying texture, has not a uniform hardness through- 
out j the polish is bad or unequal. 

(4) Bad hardening, the steel being distorted if over- 
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lieated or too soft when the temperature is not sufEciently 
elevated ; 

(5) Bj the objectionable practice of certain escapement 
makers, who, in order to facilitate their work, temper the lips 
and locking surfaces of the cylinders to a straio-violct, or even a 
blue colour. 

(6) A wheel that is not hardened or has been tempered 
too much. 

Such faults will be avoided if care is taken not to allow the 
escapement to go too long without oil, to always employ the 
very best steel in its construction, to harden with the greatest 
possible care, and to abstain from subsequently tempering the 
lips or locking surfaces, only tempering the teeth to a yellow, and, 
lastly, to slightly round, in a beaded form, the impulse planes- 
and their points, polishing very highly all the rubbing smdaces. 

To re-pollsh the cylinder. 

444. — ^When a cylinder is but slightly worn, it will suffice- 
to simply re-form the lips, and for this purpose it is well to be 
provided with two small ruby files, one somewhat coarse, and 
the other fine. These lips must be very highly polished, 
and the impulse planes against which they have acted should 
also be polished. (Whenever the opening is too great the^ 
cylinder must be replaced. In such a case see Chapter VIL, 
article 473, To pivot a cylinder.) 

Mechanical means may be adopted for polishing the lips. 
W^e shall subsequently describe an apparatus for this purpose. 

d 9i 


Fif. 34. 

It is usual when re-forming the lips i,o hold the balance 
between the fingers of the left hand. A more convenient 
method, however, when operating on the engaging lip, consists 
in setting the balance in wax on a plate at the end of a hollow 
arbor, similar to that represented in fig. 34, except that the 
plate is thinner, and the ferrule removed. 

In the case of the smaller lip the balance is fixed with wax 
by its under surface to the extremity of a rod perforated with 
a hole rather larger than the cylinder, which has been previously' 
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filed away to half its thickness; by such an arrangement the 
cavity containing the cylinder is made accessible. 

Such an arbor can, as in the former case, be provided with 
a thin plate ; the perforation is large enough to admit the collet. 

With both of these arrangements a pair of plates may be 
employed, one being attached to the other by three small 
screws. The balance is then clamped between the two, and 
the use of wax rendered unnecessary. 

To re-(lres8 a bent Cylinder. 

445. — T\Tien a cylinder is bent this usually takes place at 
the pillar. Several methods may bo adopted for correcting 
such an error. 

1. Remove the lower plug and fit a new one. The point 
of the axis of this latter is filed until the locking surfaces 
of the cylinder and the rim of the balance run true. Then the 
pivot must be cut on this axis, the eccentricity of the smaller 
shell being ignored. 

2. If the pivots are broken and the cylinder strained, both 
plugs must be removed. A perfectly smooth cylindrical arbor 
which fits the undamaged portion of the cylinder is obtained, 
and the shell enclosed in a brass screw-ferrule that binds over 
the entire external locking surface ; the pillar is placed in con- 
tact with a heated rod. On its assuming a bluish tint, the 
arbor is carefully pushed into the cylinder, the lamp removed, 
and the cylinder held by a pair of strong narrow-nosed 
pliers, one jaw being against tlie arbor in the banking slot, 
and the other pressing the middle of the pillar; the whole 
is then agitated in water until quite cold. 

The plugs must now be re-made (467). 

A strained cylinder in which the pivots are intact can bo 
restored to its proper form by mechanical means. 

Setting. 

446. — This may arise from : 

(1) A deficiency in the force applied to the escapement, 
whether due to some error in its construction, bad depths, 
friction occurring between parts that should be free, weak 
mainspring, etc. ; 

(2) Inclines that are too elevated (especially if tbey be 
straight), to the escapement being set too deep, or to inclines 
that are too slight butting against the locking surfaces instead 
of falling on the lips ; 
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(3) Balance pivots that arc bent, or have not sufficient 
play in their jewels ; 

(4) Badly polished cylinder, or a similar fault in the 
inclines or points of the teeth ; 

(5) A balance that is too heavy as compared with the 
motive force ; 

(6) A feather-edge or burr left at the heel of the teeth ; 

(7) Lastly, to the tooth being sometimes held within the 
cylinder unable to escape because the point is too sharp and 
badly polished and so catches against the inner corner of tlie 
incline of the small lip, which has not been sufficiently rounded, 
in order, as it were, to make it continuous W'ith the internal 
sin-face of the shell ( 407 ). 

We have not included among the causes of setting those 
which arise from the thickening of the oil and the wear of the 
cylinder edges. 

Any watchmaker will be able, with a little care, to discover 
the causes of a setting, and to find the best means of correcting 
them, whether several combine, or only one has to be considered. 

All Escape* Wheel out of Upright. 

447 . — If it leans forward or is too low in the slot it will 
rub against the lower plug and sometimes even against the 
fourth wheel. 

If leaning backwards or too high in the banking slot, the 
under face of the disengaging lip will rub against the U-arm, 
causing the wheel to recoil; and it may even happen that 
friction occurs between the escape-wheel and the seconds or 
fom’th wheel. 

Such a fault must be corrected by setting the wheel straight 
by moving the steady pins of the bar, and, if this is liable to 
derangement on turning the screw, a third steady pin may be 
inserted when the wheel is upright. 

When it is impossible to alter the position of a wheel that 
is too high or too low as compared with the position of the 
banking slot, the cylinder itself must be moved so that the flat 
of the wheel passes centrally in the slot. 

Such faults as these may be occasioned by the wheel being 
carelessly riveted to its pinion, or to its not being of the same 
thickness throughout. 

The latter error is corrected by laying the wheel on cork 
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and reducing by means of an iron file charged with oilstone-dust. 

See wheel that is out of flat, etc., page 255. 

Too Thick lVheel.-8trained Wheel. 

448. — The total thickness of the wheel may be excessive 
or only that of its flat. 

The former case, although rare, is sometimes met with in 
thin watches. The wheel must be removed from its pinion and 
reduced by rubbing on a smooth sheet of glass charged with 
oilstone-dust. 

When the flat only is too thick, the height of the banking 
slot must be increased by means of a small flat ruby file (453). 

A wheel that is strained must be restored to shape by the 
method indicated in Chapter VII., when considering the harden- 
ing of the wheel. 

lusufllcicut Hollowius of the lSscape>Whcel Passacc. 

449, — If any friction occurs against the teeth during the 
motion of the wheel, it will give rise to stoppage and irregu- 
larity. When there is not a sufficient interval between the flat 
of the teeth and the escape-wheel cock, the oil fills it and 
renders accurate timing impossible. 

Thu dust and minute fibres that are collected by the oil 
will not occasion a stoppage if the interval be sufficient. 

A wheel being out of flat or badly riveted to its pinion, 
pivot-holes that are too large, or a bar that is bent up- 
wards will occasionally give rise to faults similar to those due 
to too little play. When a doubt exists as to this play, the 
question may be set at rest by placing polishing rouge on the 
flat of the teeth and observing Avhether it passes unthout contact. 

The layer of rouge should be somewhat thick, for other- 
wise, were it to spread and form a thin film, it would fail to 
give a reliable indication. 

The wheel is set right either by adjusting the steady pins 
of the bar, or, when no other means are available, by hammering 
its under side and thus lengthening it. This is accomplished 
by the use of a large punch shaped like a hammer-head. 

An analogous method will answer for displacing the lower 
pivot-hole when necessary ; but there is some danger of 
breaking the stone, and discretion must be exercised when 
performing the process ; it must only be resorted to when ad- 
justment by any other means is quite impossible. 
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When the ■watchmaker knows how to set jewels (see the 
articles on this subject in the Handbook)^ it will be a siinplo 
matter to remove one that is improperly placed, increase the 
hole which held it, and to repair it by first inserting firmly a 
small piece of brass ; in this the jewel is carefully reset. 

The passage is cut on the lathe, the bar having been first 
fixed by wax to a chuck, or preferably on the Geneva mandril 
tool, the head being turned by the j)alm of the right hand 
while the slide-rest carrying the cutter is gently advanced by 
the left until a small quantity of brass has been removed. 
When the cutter has traversed the entire escape-wheel passage, 
slowly removing the metal, the slide-rest is brought back to its 
initial position, and the cutter again caused to remove a thin 
film of metal, the operation being repeated until the necessary 
depth is attained ; by this means neither the bow nor the handle 
of the mandril is used. 

When the bar is extremely thin, or if from any other 
cause the hollow cannot be cut away, it will be necessary to 
bend the bar upwards where the hollow would be cut, the 
two ends being depressed. But this can only be regarded as a 
makeshift. 

The Drops too Short or Unequal. 

450 . — When the internal drop is insufficient, the tooth will 
rub against the cylinder by the point and heel at the same time. 
With a short outside drop, the cylinder rubs against the point 
of one tooth, and the heel of that which precedes it. In the 
first case a setting will result while a tooth is contained within 
the cylinder ; in the second the cylinder will be in a U -space. 
This doubling of the friction, even althougli it may not actually 
cause the watch to stop, will seriously interfere with the timing. 
It may be avoided by slightly reducing the points of the teeth, 
but the watchmaker should first ascertain whether it would not 
be more beneficial to replace the cylinder, which may not be 
correctly formed, rather than to run the risk of distorting a 
well-made wheel, merely in order to render an indifferent 
cylinder serviceable. (Read carefully the article on Drop, 410 ). 

If the drops are unequal, some being too short, permanent 
irregularity with occasional stoppages will result as in the 
former case ; the rate of the watch can never be maintained 
and it constantly loses. In order to detect such a fault, a rouge 
mark must be made on the edge of the balance to better 
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observe the oscillations; if they are found to be of unequal 
extent, and only certain of them attain to their maximum arc, 
it is highly probable that the fault exists. 

If in the shorter oscillations the reduction is observed to 
take place on the stud side (that is, the side of the engaging 
lip), the error occurs in the inside drops. All the teeth of the 
wheel, therefore, must be made equal in length to the shortest, 
a suitable gauge being employed as explained in Article 402. 

When, however, this reduction is on the other side, it k 
occasioned by the external drops. All the (J -spaces must be 
examined by employing a smooth arbor, in the absence of a 
^ecial tool, and be made equal to the largest. 

Or a more expeditious means k to test each drop, placing 
a rouge mark against such as have not sufficient play, and then 
merely correct them (410). 

Unequal drops may arise from teeth being strained, either 
in hardening or from any other cause. 

It may be accepted as a general rule that when there k a 
measurable inequality in the extent of successive oscillations it 
almost always indicates that either the drops are unequal, or 
some teeth cause a greater lift than others. 

Noisy Drop or very little play in the Cylinder. 

451. — Such effects are due to a heel that k rough, and 
so catches on the lip, or an incline of too great a emrvature. 
When the wheel is thin, the heel at times rebounds against the 
opposite side, especially when the cylinder is badly polkhed. 
By polishing the heel, or slightly reducing the incline the noke 
of the drop can be caused to diminkh very appreciably. 

Cylioder planted too high or too lorn 

452. — Tlie sources of stoppage and irregularity will be 
identical with those met with when the escape-wheel k similarly 
out of place. They must be corrected by the cock and chariot, 
causing the cylinder to rise or fall until the flat of the 
wheel is in the middle of the slot. If, after this adjustment has 
been made, the balance comes into contact with the escape- 
wheel cock, its rim must be raked by slightly bending the arms 
near the centre. If, on the other hand, there is not suffi- 
cient play above, the rim must be lowered in a similar way. 

Banking Slot too broad or too narrow. 

453. — When the slot is too wide or dovetailed inwards, 
and the wheel below its proper level or of insufficient total 
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thickness, it often happens that the point of the tooth rubs so 
very near to the face of the slot during the period of rest that 
there is some danger of its catching on this under face of the 
small lip, at the point at which the width of the slot is the 
greatest. In such a case the motion of the cylinder is arrested 
as though over-banking had occurred. 

It will be necessary to make the width of the slot the same 
throughout by means of a niby file; the wheel must then be raised 
or the cylinder lowered, but no more play should exist between 
these two mobiles than what is known to be strictly necessary. 

When the slot is too narrow the cylinder must be firmly 
fixed in "wax at the extremity of a perforated arbor, analogous 
to that used in polishing a cylinder ( 444 ), and the slot is 
operated upon wdth a ruby file. 

The lJ«arius touched by the eud of the Slot. 

454. — When the end of the slot is struck by the 
it occasions a variation in the rate of the watch : the wheel is 
made to recoil. We have explained in the article on over- 
banking (425) how the existence of this fault can be detected, 
and have also described the means of correcting it by moving 
the banking pin. 

When the depth of the slot is insufficient two pins are 
necessary, but it will be preferable to increase the depth : this 
is an operation of some delicacy, which must be performed 
with a flat ruby file, the cylinder being first fixed at the end 
of an arbor as indicated in the last article. 
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Fig. 35 . 

A Broken Pivot.>-To Iteplace a Plug. 

455. — If a pivot is broken a new plug will be necessary. 
The old one is removed thus : 
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A brass block n, perforated with a hole through which 
the broken end of the axis passes easily, is held in the vice ; it 
is chamfered at the upper end so that, when the cylinder rests 
in it, it is only supported by the edge of the shell. A hook- 
shaped punch A (fig. 35), entering the opening of the cylinder, 
is used to displace the plug slightly, as indicated in the figure. 

The projecting portion is inserted into a hole in the 
liveting stake, which it must fit with but little play so that 
the .shell is supported all round, and the plug driven out with 
a punch provided with a point of sufficient length. 

The plug is then replaced by another that has an axis of 
the requisite length. (See the articles on Plu^s and Plugging 
in Chapter VII. 

Some workmen, after having firmly fi.vcd the cylinder in 
wax, drill a hole through the plug, fix a fine steel wire in it, 
and then turn a pivot ; although this method is good in certain 
cases, it is far preferable to make the now plug of only one 
piece. 

A E.OOSC Plug. 

450. — After making a mark on the edge of the cylinder and 
plug so as to restore them to their initial relative positions, the 
latter is removed as just explained, and attached by wax to the 
end of a brass rod, perforated so as to freely admit the axis and 
pivot. A number of marks are then made over the entire 
surface of the plug by causing it to roll beneath a good cutting 
flat file on a hard surface of brass or wood : or marks may be 
made in all directions wdth the point of a graver. Some w'ork- 
men roll the plug in oilstone-dust, pressing it with an iron file, 
in order to fix some of the powder in the surface of the plug, 
but good watchmakers disapprove of such a practice, fearing 
lest particles of the stone that are not held with sufficient firm- 
ness bet^veen the two surfaces slio\;ld mix with the oil applied 
to the cylinder. If, after either of these operations, the plug is 
still not sufficiently tight, it will be necessary to gently spread 
the edge of its hollow, employing for this purpose a round hax'd 
polished punch that is perforated so as to admit the axis. 

Those workmen who cement in the plug with shellac seem 
to forget that as the small shell has usually very little height, 
cemented plugs cannot hold firmly in itj besides which the 
shellac dissolves in spirits of wine. 
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Over-Banklng. 

457 . — Over-banking occurs when the pin is in the wrong 
place, or too short or broken. By employing two fine pieces of 
pegwood, one to control the baltince and the other the escape- 
wheel, and by moving the latter backwards until the tooth is 
just free of the cylinder, the requisite correction can be made as 
already explained in the article on over-banking (435). 

When the points of the teeth have been made to slope 
downwards, that is to say as shown at s (fig. 28, page 206), 
banking is not so easy of detection ; the cylinder being held 
less firmly, starts again with a shake, or on opening the case. 
When the cause of stoppage cannot be ascertained, each tooth 
should be tried for banking, for it will probably be found that 
one of the (J'^irms has been distorted outwards in hardening; 
there will thus be rather less matter inside the point, in conse- 
quence of which over-banking will only occur with this tooth. 

A Tooth too I^arge or too Square at the Heel. 

458. — ^When the teeth are too large or not sloped inwards 
at the heel, it may happen that the two points a and o (fig. 36) 
rub at the same time against the cylinder ; very great irregu- 
larity will thus be occasioned with an occasional stoppage of 
the entire mechanism; this may be avoided by sloping the 
teeth as indicated by the dotted line m +. 



Fig. 3G. 

If the pillar is situated directly below the point o, part of 
its comer must be removed during the operation. 

An Escapement out of Beat. 

459. — ^Wlien an escapement is not in adjustment, oi’, as it 
is termed, is out of heat, this may be due to any of the following 
causes : (1) one or even both of the pins that secure the balance 
spring in the collet and stud are loose: (2) this spring is 
strained between the two curb pins: (3) the balance-spring 
stud not having been placed immediately over the dot on 
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the balance when putting the escapement together. If this 
mark exists the collet must be rotated imtil they are super* 
posed. If not, the mark must first be made as explained in the 
article on reference marks (437), and the adjustment then made. 

Otlier Canaes of Stoppage and of IrreEnlarltles In Timing* 

460. — ^The other causes of stoppage and variation in the 
cylinder escapement, which any watchmaker can discover and 
coiTect with ease, are as follows : — 

Cylinder too large or too small (««»), too much 
opened or closed, etc. (406). 

Cylinder that is oval or not perfectly centred. A 
slight recoil of the wheel is occasionally observed. 

A WHEEL THAT IS OUT OF PLAT. — If this fault is not due to 
the riveting, it may be corrected by placing the wheel on a 
perfectly true piece of soft metal or hard wood, perforated to 
receive the pinion; the arm that requires adjusting is then 
slightly bent by gently striking the upper surface close to the 
centre. Insu ad of the sharp end of a hammer-head it is pre- 
ferable to employ a punch, the end of which is flat with a slight 
bevel, for this operation. 

A WHEEL WITH TEETH THAT ARE TOO MUCH OR TOO LITTLE 
INCLINED, WHOSE POINTS ARE BADLY POUSHED OR FALL TOO NEAR 
TO THE EDGE OF THE LIPS, CtC. 

A WHEEL THAT IS OUT OP TRUTH. — Thc lifts arc unequal. 
Some teeth fall very near to the edge of the lips, and others at 
a considerable distance from them. 

Excessive endshake in either the wheel or cylinder. 
— On inverting the watch, one of these two mobiles will fall 
throu"'h a greater distance than the other, so that their relative 
positions lieiug altered, there is danger of varying and in- 
jurious friction. 

EsCAPE-WIIELL PIVOT-HOLES TOO LARGE. — It will liavG a 
gi'oat amount of play, and all the faults met with when the 
wheel is out of flat, or not upright, will occur. 

A LOOSE COLLET. — The act of opening or closing the case 
may displace it. 

A COLLET THAT IS NOT SUFFICIENTLY CLEAR OF THE COCK. — It 
will rub either against the screw heads of end -piece, or, if this 
does not actually occur, the oil between the two will cause 
variations. 
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A FOURTH WHEEL WITH TOO MUCH ENDSHAKE. — It Tubs 
against the escape- wheel when the watch is inverted. 

A BALANCE THAT IS OUT OF FLAT, NOT UPRIGHT, SET TOO 
HIGH OR TOO LOW. 

Balance arms that touch the stud, curb pins, or oscape- 
whccl cock. 

Balance-spring striking against the centre wheel or the 
stud ; or else its second coil striking the first curb pin. 

Balance-spring rubbing against the cock, the balance arms, 
or the centre wheel. 

Steel curb pins. — There is danger of rust and magnetiza- 
tion. (See further on : Oil on the curb pins.) 

Loose curb pins. — T he watch cannot be timed. 

A BANKING pin THAT TOUCHES thc pinion or axis of the 
fourth wheel, the gong of a repeater, the band of the case when 
this latter is closed (as then the edge is forced inwards by the 
pressure of the dome), or the fly-spring ; the escapement will 
start again immediately on ojjcning the case. 

A banking pin that catches against the face of the stud 
instead of striking against its side, in consequence of the pin 
being too short or the face of the stud a little sloped. 

A BANKING PIN THAT ADHERES TO THE STUD. This CaSO although 

rare in climates such as that of France is much more frequently 
met with in damper climates, such as England for instance. 

Rapping of the banking pin. — This arises from the pin 
being in the wrong place, the lift too much extended, or the 
motive force excessive. 

It is a fault which often escapes detection for a long time, 
since it can only occur under certain conditions : for example, 
when the watch is in wear, or when a hole that was too small 
has become oval by the wearing away of its side. In some 
cases the fault is not met with when the spring is fully wound 
up, but occurs when it occupies a certain position. Under such 
circumstances it is occasionally possible to correct it by employ- 
ing a balance-spring that is somewhat shorter with a collet of 
rather increased diameter. 

The edge of shell rubbing against cither the jewel or the 
sotting, owing to a want of space. 

Jewels i hat are badly set, that are loose or too thick, so 
that the pivots do not project externally. Such a fault may 
of course be due to the pivots being too short. 


CAUSES OP STOPPAGE AND VAEIATION. 


257 


Oil on the rim of the balance, altering its weight and 
destroying the equij)oise, or else on the curb pins, causing the 
spring to adhere sometimes during several successive vibra- 
tions. 

Too Mircil OIL TO THE UPPER ESCAPE- WHEEL PIVOT. — It is 
collected gradually by the balance arms. 

The oil of the upper pivot of the fourth wheel. — It 
.‘spreads (»ver the axis and thickens. In certain callipers it 
passe.s llicnce to the rim of the balance or the banking pin. 

A EALAXCE too S.MALL, OR TOO LARf.E, AXD OF IXSCFFICIE.NT 
WEKiHT, CYLixDER TOO LARCE (sco sizc of axcs .‘{ 45 ', arc vcry 
frequent causes, if not of sto]»pag'e, at any rate of constant 
irregularity in the going. 

The same cflect is observed with a maix-spring that has 
become weak cillior throughout its entire length, or in parts, 
in consequence of the bad quality of the steel, or the absence of 
stop-Avork. 

(ylin'lor. 

A DOPy RAPLY CEMF.XTEP, anil moving backwards and 
foi'wards under the pressure of the inclines. 

A COPY THAT JT:0.IECTS too AH’C'II EEYOXD THE CORXER OF 
THE SETTiXG. — They should bo alnu>st on a level, for othcr- 
Avisc it Avill bo necessary to sot the banking studs farther 
apart in order to prevent the corner from striking agaiirst the 
point of the tooth during the locking ; tlic extent of vibration 
is thus dimlnislied, and the banking 2 >ins arc more liable to 
strike against the studs, etc., etc. (sec articles 403 aud 404 ). 

PejVtlis. 

Bad depths, wdiich cause the motiA'c force applied to the 
escapement to bo A'cry A'uriable, occasion irregularity. Since 
they are ajit to become Avorso and Avorse, it may luq)pen that 
the timing properties of the escapement are in time entirely 
nullified. 

When the cscapc-Avhecl pinion is badly-sized, the timing is 
sometimes indifferent, or only constant for a short period. 

For the method adopted in roj[)lacing this pinion, see 
article 503 in Chapter VII. 

4fil. — When speaking of the verification of an escapement 
on the depthing tool, we mentioned that if there is no balance 
attached to the cylinder it must be provided AA'ith an index or 

17 
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fincor. The reader Avill understand that this index must he 
formed of soft brass so as to bo easily bent in any direction, 
and it should be carried by a small screw-ferrule fitting on the 
collet or upper axis ; motion of the escapement may tlicn be 
produced by ju’csslng gently on the rim of the fciTulc. 


CHAPTER Vll. 

ACTLMI. COXSTKCJCTIOX OP THE CYEIIVDER 
ESCAPEME.'VT 

THE <'¥LI\»EIt. 

462. — The watch material dealers keep an assortment of 
cylinders of all sizes, but, notwithstanding this fact, every 
watchmaker will at times find himself obligc'd to re-make and 
renew a cylinder. This operation only rerjuiros a little care 
and skill, such as is common in the trade ; the workmanshi]) is 
much less delicate than that involved in the consti’uction of a 
wheel, with which we shall occupy ourselves in the second 
part of this chapter (417). 

After attentively following the details w’C proceed to give, 
every w^atchmaker of ordinary ability ought to be able to make 
good cylinders, and in a few days to acquire the practical 
knowledge necessary to do it with some rapidity. 

To ITIeasurc the llei;;hts. 

463. — The heights, may be ascertained from the old 
cylinder, or, in its absence, the following is the best method of 
procedm-e : — 

A small brass rule is made, about 2 millimetres (0’08 ins.) 
in width, 2 or 3 centimetres (I inch) in length, and of the 
thickness of an ordinary playing card. 

Some rouge is then placed on the points of the teeth and 
the edge of the (J-arms. The wheel being in position, the 
rule is now held vertical, resting on the lower jewel in the 
position a cylinder would occupy. The wheel is pressed 
against both sides of it in succession, and the rule is then filed 
aw'ay, as though it w'erc a cylinder, in accordance with the 
rouge marks left by the wheel. It is again placed in position 
in order to make sure that the wider slot is of the right height, 
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-and that the U-arm comes midway in the smaller slot. (A, fig. 
37, page 270.) 

The chariot, having been unscrewed from the plate, is 
attached to the cock. It is important to make sure that the 
jewels, with the endstones removed, arc exactly at the same.' 
distance apart as when fixed in iiosition on the plate, the 
measurement being made by means of a pinion-gauge (or 
douziJime gauge) enclosing the cock and chariot. 

By employing the internal gauge described in Cliapter 
VIII. (Art. 508), and shown at fig. 2, plate V., this verification 
'Can be accomplished without difficulty, and the distance 
between the two jewelled holes can also be measured. 

In its absence the interval separating the two stones must 
be determined cither by deducting the thickness of the stones 
from the total external height or by some other means. 

When this internal space is known, it is sot off on the rule 
from one end, as indicated by the mai’k b. The two lines c and 
o are then made to indicate the space available for the axes 
without unduly reducing the strength ot the small shell or tlie 
thickness of the collet. 

Having prepared the rule it will bo easy to make the 
corresponding cylinder, for Ave noAV know : 

1. The height of the great and small slots; 

2. The length of each shell, o i and so; 

3. The total length, o c, of the cylinder; 

4. The length of each axis a o and c b. 

The total length of the cylinder with its pivots Avill bo 
given by merely adding the thickness of the two rubies. It is, 
of course, understood, that the length of an axis Avorking between 
two pivot-holes is always measured from the extremities of the 
pivots and not from the shoulders. (If provided Avith the small 
gauge or the experimental cylinder with an adjustable axis, Avhich 
-are represented at c and d, figure 37, and described in articles 
474 and 475, these measurements Avill be materially facilitated.) 

Unless a workman has had considerable experience in the 
making of escapements it will ahvays be best, Avhen the old 
cylinder is not obtainable, to first construct the bra.ss rule. If 
he attempts to do Avithout it he will nearly always find that he 
loses more time in trials, verifications, etc., tlian it would haA'o 
:taken to determine the heights accurately as above explained. 

If the old cylinder is broken in two pieces, these may be 
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united by coating the interior with sealing-wax, and the measure- 
ments can be made when the parts ai’e thus held in position. 

To make a Cylinder. 

464 . — The rapidity with which any given operation can 
be performed depends on the method adoptetl in carrying it 
out; we have, therefore, numbered tlio several processes after 
having first arranged tlicm in the most couA’cnient order. 

1. A piece of drawn steel, known as screw- steel, is taken 
as free as possible from blisters or other faults, about 5 centi- 
metres (2 inches) in length, and a third as thick again as the 
required cylinder. After having straightened it, the metal is 
heated to a bluish-grey, and allowed to cool slowly on the 
bluing tray, so as to soften it. (It is well first to prepare the 
steel as explained in the article in the Handbook on this metal, 
for the woi'k can tlien be performed with more facility, and the 
cylinder will be less distorted on hardening.) Having made a 
point at one end, the centre of the other is marked with a 
punch; this end is then drilled, cave being taken to apply the 
oil liberally both to the drill and to the point of the lathe-head. 

The ferrule fixed to the steel wire sliould be of an averages 
size ; tlie boAv somewhat weak so as to remove the inside 
uniformly, and not to produce a boss at the bottom of the hole, 
or to break tlu; drill ; this should bo held in rather small 
pliers. 

The diameter of the hole should be rather loss than the 
length of a tooth of the wheel, and Avhen the depth is sufficient, 
the cylinder must be roughed out in the lathe, and cut off with 
a gravel’ or cutting file. 

2. The cylinder is now fixed, but not too firmly, in a thick 
screw-ferrule of brass in order to hold it while the broach 
is passed through. It Avill not do to use pliers for this purpose, 
for, besides the risk of flattening the tube, it is quite impossible 
to make the inside smo(;th. 

The broach employed for enlarging the hole must bo A'ery 
slightly coned, and thoroughly hardened : the angles (juite true 
and smooth, and all the faces equal. TJie broach is introduced 
alternately at o])poslte ends of the cylinder, and the perforation 
will, therefore, be slightly contracted towards the middle. 
When the teeth of the escape-wheel cuter easily, but without 
play, the hole is sufficiently enlarged. 
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It must be remembered that when the teeth of the wlicel 
■are at all short, they must have rather more play in the 
cylinder, so that the sliell may not bo too thick ; for excessive 
thickness must always be avoided. 

3. With a view to render the tube perfectly smooth in- 
ternally, it must be smoothed w'ith a wire supplied with oilstone- 
dust until no scratches arc observed. This oi)eration wdll give 
some of the play necessary to the tooth, and the subsequent 
polishing will complete the amount. The wire having been passed 
through the e 3 *lin(ler, this is caused to rotate by rolling it 
■against the linger or the palm of the hand, and, while con- 
tinuing to roll it backwards and forwards, the wire is moved 
in and out in order that the stoning may take place uniformly 
over the entire surface, and in all directions. It must be intro- 
duced alternately from opposite ends as when using the broach. 

Idle Avire omploj'ed con.sists of a piece of screw-steel, about 
an inch of the length of which is reduced bj- a tile until it enters 
('asily into the cylinder. If a wive that is thin throughout its 
t'utirc length, or an iron wire be emploj-ed, it Avill bend under 
the pressure applied, and the cylinder Avill Avear into a conical 
form at the two ends. 

A piece of steel entering the tube easily, and fmidj^ held in 
the jaws of a band-saAV frame, might also bo employed for this 
process. The cylinder is moved in the manner already 
described, and the frame is held by its handle.* 

4. When the internal smoothing is complete, the cylinder 
is pressed Avithout straining on to an arbor liaA'ing the least 
possible taper, and, rotating it by means of a horse-hair bow, 
the cvllnder is turned doAvn AAuth the long point of a graver 
until it is perfectly round, smooth and cylindrical throughout its 
entire length, and just passes betAV'cen the teeth Avithout play. 
■Continuing the rotation, it is then stoned externally Avith an 
iron file until the marks of the graver arc erased. B 3 ' this 
means some of the requisite play Avill be obtained. 


Tho methoils a.Ioitlcil Uy cylinder-makers for tliis internal smoothing are 
various : some replace the saw by a suitable wire, and fix the frame in a vice ; if a 
screw ferrule is i>lafe(l on the cylinder the smoothing can be accompiisiied by rotating it 
by n bow, or by two working in opposite directions. Several cylinders may thus be 
smootlied at once, but it will be well to give them a slight longitudinal movement. 

Others cause tho cylinder to rotate along the linger, having previously affixed 
:a ferrule, &c. ; but these various methods require considerable skill, and liic worlanaa 
.cannot do better than adopt the methods first described. 
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5. If the length of the cylinder is too great, it may now 
bo reduced, care being taken to turn the extremities pci’foctly 
square ; but it will be better to do this Avhen the slot is cut in 
the c}dinder. It is necessary to mnko sure, before doing this, 
that the shell is not too thick. If it is, the cylinder must bo 
re-made, unless it is found possible to reduce the thickness by 
enlarging the hole. 

G. The slot }mist be cut cither by a square file, or on the 
dojjthing tool, emploA'ing a sliarj) circular cutt('r worked by a 
bow. The thickness of this cutter should be ecpial to the height 
of the slot. 

The cylinder is first fixed on a j)erfcctly tnic hard brass 
arbor introduced at the end that will form the great shell ; it 
must be held so firmly as not to rotate under the ])r('ssurc of the 
file. The great shit is first formed. This portion of the 
cylinder should descend in the narrov/ ojieniug of the Jaeot 
gauge (Chapter YU I., Article .'SO.'i) to the same figure as that 
indicated by the complete cylinder in the wider opening. If 
the measui'cmcnts arc made with a micrometer, the metal 
should be removed to a depth of very ncaily five-twelfths the 
total diameter; the half-shell Avill thus measure one-half plus. 
onc-tAvelfth of the diameter (:uo). 

The cylinder compass (Article 504) also gives the rcquii-cd 
proj)ortion. 

But it must not he forgotten that these are the dimensions of a 
cylinder when finished ; and, since the rounding, stoning, and polish- 
ing of the lips will of necessity remove a certain amount of metal from- 
them, one or two degrees in excess on the gauge should be left, in order 
that, lohcn finished, the cylinder may not be too open. 

The great opening should not exceed one and a half times 
the thickness of the Avheel in height, so that the oil reseiwoir, 
Avhich is thus formed at the top of the cylinder, may keep the 
intcnial locking surface supplied with oil. 

The small opening or slot should occupy three quarters of 
the cii'cumference of the cylinder. 

8. The faces of the shells must be filed perfectly square 
and flat. To secure this result A'^arious tools described in 
Chajiter VIII. are enqfloycd. 

0. To ensm’C that each lip is correctly formed in the- 
manner indicated in articles 335 to 339, On the form of the 
lips, the cylinder must bo held on the extremity of a turned. 
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brass arbor, cnteiing only as far as the upper face of the fp:oat 
opening and, in using the file, great care is necessary ( 1 ) not 
to remove too much metal from the lips, for that would spoil 
the cylinder by making it too open ; (2) not to slope the file in 
the direction (d the banking slot while shaping tlie small lip, a 
very common mistake with workmen who are wanting in the 
rcrpiisito skill and practice ; (3) not to distort the cylinder 
either in filing or moving it on or off the arbor; it should be 
taken off by pressing witli the pointed tang of a file above the 
half-sliell, and at the back.* 

10. All external roughnesses arc removed. 

11. The}' are also removed from the inside by means of a 
wire supplied with oilstone dust, and the lips themselves are 
stoned until no file mai-ks are visible. This stoning, as well 
as the subsequent polishing of the lips, is accomplished by means 
of small strips of steel and hard bronze, erroneously termed 
polkhhvi zincs, which arc of the same form and size as the files 
previously employed ; the .strips of steel are to bo preferred. 
Should tlie Avorkman experience any difficidty in maintaining 
them strictly flat, the part held in the hand may be bent 
sliirhtlv to the rijjht (u- left until the most convenient form is 
obitained; or ruby files mlglit be employed for tliis purpose. 

Care must be taken not to alter the form previously given 
to the lips. 

Ilunleiiin!:: llio Cyllnili r. 


12. Several methods are adopted for this purpose. 

One consists in suspending it by a fine iron wire with 
a hook at its extremity; keeping it constantly in motion, the 
cylinder is tlicn held in a .small flame of a candle, in the dark, 
in order that the tint of the metal may be more accurately 
(deserved. It is dro])ped into oil immediately on attaining a 
cherry-red colour throughout, Avhicli must never be exceeded. 

Some workmen enclose the cylinder in a small brass tube, 
and, after heating to a cheny red, plunge the Avhole into od. 

One cylinder, or a number at a time, can be hardened by 


* Four files, stoned on tlieir uncut faces, are required to perforin the operations 
liere described : (1) a square c.\tra super cut file of llio same size as the p-eat opening, 

so that all risk of making the engaging lip curved may bo avoided, as might liiqipen i 
the flic were of insuflieient thickness ; ('2) a second cut cqualHngfile, known as a banking 
slot file ; (3) a siiuare smooth-cut file, bevelled at its extremity. Ihis is used fiT 
forming the incline of the exit lip, and should have the same width as tins for, if 
larger, some difficulty will be experienced in holding it square ; (4) a sma , tia , 
smooth, and quick-cutting file for forming the corners with sharp angles. 
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any one of the latter methods explained for hardening the 
escape- wheel ( 496 - 7 ). 

13. When satisfied that the cylinder is sufficiently hard it 
must he washed with care, since in this state it is extremely 
fragile ; soap is employed when necessary, and afterwards it 
must bo thoroughly dried ; it is of great importance that the 
surface be perfectly clean and dry before tempering. 

14. For teinjDcring the cylinder a pin of brass wire is fixed 
in each end, being held by" gentle friction without straining; 
the pins must not reach beyond the flat of each shell, and may 
project about | inch externally. The half shell is now held in 
a small pair of pliers, the jaws of which do not exceed the exit 
lip in width, and the end of the pin in the small shell is 
introduced into the flame until this small shell assumes a bluish- 
gi'ay colour. The other pin is then similarly heated until the 
temperature of the great shell is raised to the same extent. 

It will be found that the locking surfaces of the cylinder 
are by this means left quite hard. Those watchmakers who 
temjDer them to a straw-yellow, more or less marked, make a 
mistake ; for the lips will, in that case, wear the more rapidly. 
As to those who temper the cylinder tliroughout to a blue tint, 
and there are very many who do so, wc would only state that 
they arc ignorant or clumsy workmen, and that they deserve 
to suffer more inconvenience than that actually experienced. 

15. The cylinder is now held at the end of a brass wire .so 
as to whiten the interior of the banking slot and the flat of the 
shells by means of oilstonc-dust. It must be washed in soap and 
water, and dried with very great (;arc, in order to completely re- 
move the oilstone pov/dcr when this final smoothing is conqflctcd. 

IG. Tlie inside of the cylinder is polished with coarse 
rouge and then the outside, after having slightly coned the 
great shell externally where the collet is fixed. The lips are 
similarly treated, first with fine rouge and subsequently with 
the burnisher. Finally the internal and external faces of the 
cylinder are finished with fine rouge. 

Many of these oijerations can be accomplished by using 
small ruby or sapphii’o files, such as wo have already rcfen'cd to. 

Care necessary in polishing. 

465 . — When polishing a cylinder that has already been 
cut, it must not be caused to rotate on the finger in the manner 
adopted in the stoning down. The internal locking surface must 
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first be polished by rnovinjj the polisher longitudinally back- 
wards and forwards, with an almost imperceptible motion side- 
ways; but it must not bo allowed to leave the inside of the back 
of the CA'lindcr. When this portion is nearly finished, the 
whole may be polished by rolling on the finger. 

In order to ])oli.sh the external surface the cylinder is held on 
an arbor placed between the points of the turns, the ferrule 
being held between two fingers, so as to communicate a gentle 
semi-circular oscillating movement to it, and along the back of 
the cylinder a flat polishing strip is drawn, to which a motion 
of rotation is given, so as to remove scratches. '"Jflie polishing 
is then completed, using a bow in the manner already explained 
under smoothing. 

If sucli pre(;autions are not taken, the cylinder will become 
oval, and the corners of the lips will bo too sharp, since on the 
open side of the cylinder the shell will offer a less surface, and 
it will therefore 1)0 worn more than on the back. 

For a similar reason it is esscaitial that before cutting a 
cylinder both the internal and external stoning down bo com- 
pleted. 

The rouge must bo very carefully pre])arcd, and only a 
small quantity used at a time ; the broach should be roughed 
with a file each time that it is dried. 

Besides the necessity of avoiding all risk of distorting the 
lips, it is necessary’ that all their angles be rounded and polished ; 
aird, further, that at the point at Avhich the tooth enters the 
cylinder the curve of the lip is continuous with that of the 
locking surface. 

The cylinder must never be gripped between the jaws of 
the pliers, nor forced on an arbor that has not been ascertained 
to bo perfectly smooth, for otherwise it might scratch tlie 
interior of the shell. 

Otlier mctliotls of smooliiing' aiiJ polishinp:. 

466 — It is also possible to stone and polish the external 
surface of a cylinder on the depthing tool. 

Two centres, adapted to the tool, are firmly connected 
together by a semi-circular piece of metal, so that they lie in 
the same straight line. By holding the metal in the hand, when 
the centres ai'e in position, it is thus possible to impart to them 
a slight longitudinal motion to right and left. 

The cylinder is mounted on a perfectly true arbor, which is 
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placed between the two fixed centres of the tool ; between tlio 
movable centres above referred to is placed an arbor carrying a 
cylindrical roller. By means of tlio adjusting screw of tho 
instrument, this roller, charged with oilstone-dust and oil, or 
polishing rouge, is brought in contact with the surface of the 
cylinder. Then, while one hand works the two bows in 
connection with the arbors of the cylinder and roller, a back- 
ward and forward movement is given to this latter by tho other 
hand in the manner already explained. 

By this means it is easy to stone and polish at tho same 
time several cylinders mounted on one arbor without altering- 
their figure. 

It is also possible to jiolish tho external surface of a cylinder 
on the lapidary’s lathe. Jn tliis case the cylinder is mounted 
on an arbor supported betAveen tivo centres which arc carried 
by a lever capable of being gradually apjjroachcd to the la^i by 
a screw. (Sec also the Watchmakers' Ilaridhook.) 

To make flic PIiisr.«. 

467. — A piece of screw-steel free from flaws, hardened in 
oil, and tempered to a blue tint, is used for making the jilugs. 

It must be turned true at its extremity, and when it almost 
enters the small shell its further reduction is effected by means 
of an iron file with oilstone-dust and oil; this is continued until 
it enters to about three-fourths tho dc])th of tho small shell. 

The end of the plug is turned flat, and the axis roughly 
shaped out with tho graver, its point being formed. 

The face of the plug is burnished on tho plug-tool (Cliapter 
VIII., Article 506), or, in its absence, on a screw-head tool. 

Proceed in exactly the same way to form the top plug, but 
it must bo made to enter to rather more than three-fourths of 
the depth of the great shell. 

While tm-ning and fitting tho plugs, it is necessary to- 
examine them from time to time with the micrometer, in order 
to make sure that they are fairly cylindrical. This is the form 
that must be given to them, for if they are at all conical, there 
is danger of their bursting the cylinder. 

Such an effect is sometimes, though rarely, occasioned by 
the use of steel that is bmiit, or contains flaws. 

The plugs must be accui’ately fitted into the shells. If well 
formed, the least possible blow of the hammer, or merely 
pressure, will suflfice to fix them firmly; in a contrary case. 
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although considerable force be used, the plug will ho liable 
to displacement when the hollows, points, &c., are formed. 

In fitting the plugs into the shells some care is required, 
lost, when the metal has boon too much reduced, so that it 
enters the cylinder beyond the requisite distance, the internal 
locking surface sliould be scratched. 

After the faces of the plugs have been polished, the 
adjustment should l^e such that, in aii average size cylinder, the 
lower jilug enters the small shell to a distance of about three- 
fourths the depth of this latter under the pressure of the hand, 
and the top jdug to about five-sixths tlio depth of the groat 
.shell. This, then, shows that they will bo driven under the 
hammer to a distance of one-fourth and one-sixth re.spectively. 

In a short cylinder these distances will be one-third and 
onc-fifth. 

468 . — Begin with the lower plug. The axis being held in 
suitable clamps in a vice, the cylinder is driven on to it by 
a scries of gentle blows with a hammer in a manner identical 
with that employed for placing the balance-collet in position 
( 471 ). The nose of the punch must be thin enough not to 
become fixed in the banking slot, as the cylinder would then be 
liable to break. 

The top plug is inserted in the same way. 

Some cylinder makers, having fixed the punch in the vice, 
rest the cylinder on it by the banking slot, and, holding the 
axis vertical by tweezers, strike its point gently with a hammer. 
Others use a verge- wheel riveting stake provided with jaws 
sufficiently thin to enter easily into the slot. Others again 
merely drive the cylinder into its position by pressing with 
some force on the flat of the shell with the thin end of a flat file, 
the plug being held in clamps in a vice as above explained. 
Lastly, others force the plug into its position by means of a 
perforated punch which freely admits the axis, the cylinder 
resting on the plugging punch. 

To Centre tUe Cylinder on its Two Points. 

469 . — A cylinder can be centred on its points by filing 
them as is done in the case of a pinion. These points are then 
turned doAvn ivith very great care in order that they be' 
perfectly true, that is, accurately rounded co-axial cones. 
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Very many workmen proceed differently. Having fixed 
a ferrule on the balance collet, they place the c}'linder in the 
turns, supporting the end of the shell in a conical hole of a 
boring plate. The point itself is thus kept free. The tool-rest 
must now be brought very close up, and the point turned to the 
rcqxiisito shajie by using a horsehair bow and a wide-nosed 
graver, always working iiiAV'ards, that is, from the ])oint towards 
the cylinder itself, and never in the converse direction ; for 
otherwise there would be some danger of catching the graver 
under the point. This method requires much skill and practice 
to avoid disturbing, and sometimes even completely displacing, 
the lower plug, and sometimes the cylinder is broken. It is 
almost the only method employed in the factories at the 
present da}’. It is essential that the conical hole be abundantly 
provided with oil. 

470. — To diminish the risk when forming the points, the 
cylinder may bo filled with wox. After having filled the in- 
terior wulh small pieces of sealing-wax or shellac, it is held 
lengthwise in a suitable pair of long nosed pliers, the slot being 
turned upwards, or a light pair of pin-tongs may be used ; this 
is then introduced into the llame, but at a point some distance 
from the cylinder. As soon a.s the w^ax has melted and filled 
the cavity, the c}linder is immediately removed from the 
})liers to prevent overheating. 

When the points have been formed the hollow’s are cut, 
the axes turned true of the right dimensions and coned 
towards the pi^'ots. It is, however, iircfcrable to fix the balance 
collet in jiosition, and turn it true wuth the points before this, 
as by so doing some risk of breaking the axis, etc., is avoided. 

The wmx having been removed from the cylinder, it is now 
placed in the depthing tool wdth a view to tlie verification of 
the escapement (420). 

The wax may be removed by placing the cylinder in 
spirits of w'ine contained in a small pan of thin red copper, and 
caused to boil for an instant ; any wax that docs not dissolve 
with sufficient rapidity is removed as soon as it is soft by means 
of a fine piece of pegwood. The spirit is again caused to boil 
momentarily, and, when the cylinder has been removed, it is 
held between the fingers, and the cleaning is completed by a 
brush of medium hardness dipped at intervals in the boiling 
•spirit. 
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As spirits of wino is very inflanunalile it sliould be kept at 
some distance from tlie face, and if it happens to ignite blow- 
ing should not bo resorted to in order to extinguish it ; the 
vessel must be at once removed and brought against the under 
side of the bench, when the flame will bo put out. 

T!ic Collet. 

471 . — The collet, formed of Avoll-hammcrcd brass, should 
be roughed out on an arbor to approximately the right height 
and thickness, except that where it is riveted to the balance, 
the height is. as a jirocaution, made rather excessive. 

The cylinder having been fitted into the collet so that it 
enters about half-Avay, this latter is placed in a liole of the 
riveting stake that it enters easily but Avithout play, and it 
rests oA’^cnly on one of its shoulders. The nose of the plugging 
punch (c, fig. 35, page 253) is noAV placed against the internal 
face of the great .shell, and the cylinder gently driven into the 
collet by sliglit blows AA'ith a hammer. 

The cylinder is put in the turns and the collet now finished, 
with the exception of the excess of metal Avhere the balance is 
riveted ; this must be turned down Avitli the Avhole centred on 
the piAmts or cones of the axis, so that the balance may bo 
fixed perfectly true, flat, and at a proper height. 

The pivoting of the cylinder may now be proceeded with. 

To Pivot a Cylinder. 

Attaching the Balance. 

472 . — Escapement-makers in factories are generally work- 
ing on Avatches of definite callipers. They can enlarge the 
piAU)t-holos and alloAV the unpiAmted axes of the mobiles to pass 
through them Avithout having any difficulty in setting the 
escapement in adjustment. AVatchmakers, hoAvever, that are 
occupied Avith the repair of watches ai'C placed at a eonsiderablo 
disadvantage, hu’ the position of each mobile is rigidly fixed by 
its jeAvels. 

They can OA'crcomo this difficulty in the following 
manner : — 

473 . — Before turning the pivots it is essential to mark on 
the axes the extremities of these piv'ots, for the cylinder rotates 
betAveen tAvo plates, the endstones, and therefore these ex. 
tremities are fixed. 
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The requisite measurement can be taken from the old cylin- 
der, the parts being joined, if it is broken, by means of shellac. 

If the broken pai't is not accessible, the position of each 
pivot, and of the balance, can be easily ascertained by using the 
experimental cylinder with adj ustablo axis, or the small gauge 
described in the two following articles, and represented at 
D and c, fig. 37. 

When neither the old cylinder nor tliese appliances are 
available, recourse must be made to the small brass rule pre- 
pared when first commencing to make the cylinder (a, fig. 37). 

It will be remembered that i a is tlie distance between the 
face of the small plug and the inside face of tlie chariot jewel. 

The brass rule being held upright and re.sting on the jewel 
of the chariot, which must bo detached from the jilate, measure 
with a pinion gauge with thin sharp jjoints, the distance from 
the lower side of the deeper slot to the outside of the jewel. 

If one jaw of the gauge be now rested on the face of the 
small plug (b, fig. 37), the other will mark the extremity of tlie 
25ivot. This point is marked with a cutting file, and afterwards 
carefully verified. 



Fig. 37. 

The chariot and cock are next screwed to the jilate, 
and the distance between the external faces of the two 
jewels, with their endstones removed, is measured by a 
douziJsme or a pinion gauge. One point of this compass is 
then placed in the nick already made in the lower axis 
(b, fig. 37), and the other point, after being covered with rouge, 
will mark off the top pivot. 

The heiglit for fixing the balance can be ascertained by 
using a piece of brass, which is placed beneath the centre 
wheel, and is always separated from it by a distance equal to 
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tlie tliickncss of the balance plus the play necessary between it 
and this centre wheel. 

The brass thus adapted re.sts on the top of the watcli-plato 
above the lower cylinder hole, and the distance from the top 
surface of the plate to the outside of the chariot jewel, without 
an end.stone, is measured with the douzieme gauo;e. 

This distance {jives the interval between the c.xtrcmity of 
the lower pivot, and the bottom of the collet slioulder on which 
the balance is riveted. 

When the cylinder has been thus far prc])ared, and the 
height of balance determined, the pivoting, fitting of the 
balance, and the adjustment of the escapement will offer but 
little difficulty. (If any should be mot with, it will be removed 
at once by a .study of the following article.) 

It is well to notice that the ])ivots .should be turned down 
with the graver until their thickness is such that the final 
fitting can be made solely with the u.se of a coarse bur- 
nisher; the employment of a pivot-file, which is apt to make 
their form oval, is thus avoided. 

When riveting the balance, the holes in the stake employed 
must widen dowmwards throughout its entire thickness. There 
will then be no danger of breaking the cylinder during the 
operation. 

One arm of the balance must be set exactly over the back 
of the cvlindcr. 

Tools for moasuriii" the Practiciil details on Pivoting, 

474. — The small instrument represented at c, fig. 37, 
which may be called an adjustable square, consists of a tube in 
which an axis, pivoted at one end, slides easily, and can bo 
clamped in any position by a screw. At the lower end of the 
tube is a small pointed nose, projecting at right angles. The 
tool is used as follows : — 

With the escape-wheel in position, the pivot of the tool is 
inserted in the chariot pivot-hole, and the projecting point is 
set exactly opposite the middle of the fiat of the wheel. 

The space between the end of the pivot and this point 
gives accurately the distance between the middle of the 
banking slot and the extremity of the lower cylinder pivot. 

By standing the detached balance, supported on a thin 
sheet of brass provided with three screws to form adjustable 
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feet, on the plate of the watch, and setting it at the desired 
distance beneath the centre wheel, it is easy to measure its 
height above the lower pivot-hole by means of the appliance. 
The distance between the end of the pivot and tlie lower side 
of the nose gives the height it is necessary to sot the shoulder 
of the balance collet above the extremity of the lower pivot. 

475 . — The w'orkman may also employ experimental 
cylinders with adjustable axis, as represented at d, lig. 37, foi' 
tins purpose, and, in spare moments, ho should make two or 
three of different sizes. 

Tlie cylinder and lower plug arc formed in one piece, in 
order to increase the streni>-th; tlie slot shallow and in different 
positions occujiylng different heights (for the ])osiiion of the 
banking slot is the most diflicult to ascertain), and the cylinder 
is only perforated where the top plug is inserted. This latter 
can cither be screwed in or slide, being fixed by a clamping 
screw. It may carry on its outer surface a small collet held b}’ 
friction, to be used for ascertaining the proper height of the 
balance. But with these details the watchmaker will be able 
to decide for himself as to the most convenient arrangement. 

470 . — When the several heights have been accurately 
determined, and the collet turned true and smooth on its lower 
face, the cylinder must be covered with scaling wax or slu;llac, 
care being taken that it is thoroughly coated near the under 
face of the collet, while on the other hand, the face of the 
small shell must be left free, so that it is always possible to 
measure the distance between the end of the pivot and the 
banking slot. A small and thin ferrule, wdth a hole soine- 
wdiat greater than the cylinder, is now held by its groove in a 
pair of tweezers. These arc held in a flame at some distance 
from the ferrule, and when this is hot the cylinder is gently 
pressed in until the collet is against the ferrule ; the two are thus 
firmly held together, and the rigidity of the cylinder is increased. 

This arrangement enables the workman to entirely finish 
his work without changing the ferrule, for the pivots and collet 
can be completed as well as the riveting on of the balance. 

The ferrule must bo detached by holding it in the tweezers 
and heating them at a distance as before. By inverting it the 
the cylinder will come away of its own accord, or when a very 
slight pressure is applied, and it must be cleaned in the manner 
explained in article 470 . 
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TUE ESCAPE WHEEl. 

477 . — The construction of this wliccl is an operation of 
extreme delicacy. A watclimaker who has not had consider- 
able experience in this class of work had better apply at the 
watch material dealers who keep a supply of very well made 
wheels of all sizes and thicknesses, or to the manufacturers, 
sending them by post the old wheel, carefully packed. 

But for the benefit of those who are compelled to make the 
wheel, or of those watchmakers who, having time and patience, 
are anxious to improve themselves by making a complete 
cylinder escapement, we proceed to give the practical rules 
that must be followed. These rules will be of no service to 
practised escapement-makers, who do not al wax's adopt the same 
methods or tools, and are endowed with unusual skill from daily 
experience ; xvc arc not w’riting for the very small number of 
those who do know, but for the very largo number of those who 
do not, and xvish to learn. 

The escape-wheels used in the Geneva factories ai’c, for 
the most part, roughly finished in that town ; the arms arc cut 
in the punching machine, and a very soft quality of steel, pre- 
pai'ed xvitli sjiccial care, is required for this purpose. They are 
then sent in the rough to a district of the Savoy where they can 
be finished at small cost.* 

478. — To make a cylinder escape-wheel the workman 
must be provided with (1) a first-class wheel-cutting engine 
supplied with a special appliance for forming the (J’s (unless 
the pillar-tool is arranged for this purpose); (2) a tool for 
rounding the pillars ; (3 ) a tool for forming the inclines. These 
tools must alwa}’s be kept in perfect working order. Before 
using them it is well to test them on a trial wheel. 

To measure (he heights, thicknesses and diameters. 

479 . — If the old wheel is not available as a pattern, we 
must begin by ascertaining the dimensions of the required 
escape-wheel. 

The total size is, according to the escapement-makers, 
given by the fourth wheel of the train, a sufficient play being 
allowed between its pinion and the heels of the escape-wheel 
teeth. 

This mode of measuring assumes that the fourth wheel 

* The Besan^on district is also well known to manufacture, on a large scale, 
escape-wheels, cylinders, etc. 

18 
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is properly propoi*tioned ; but, as we liavc already pointed out 
(399), in the case of very many modern callipers, we should 
by proceeding thus make the wheel too large. 

When the total size has been ascertained, a circle, B (fig. 
38, page 278), is drawn on a smooth sheet of brass of the 
exact diameter determined upon. 

A brass disc of this diameter is now turned out on the 
lathe ; it is introduced into the wheel-cutting machine and its 
rim divided into twice as many parts as tlic wlieel is required 
to have teeth. Tliis subdivision is accomplislied by means of 
the cutter subsequently employed in forming the wheel itself. 
It must be .specially selected, for its tliickness gives the measure 
of that of the shell of the cylinder (405), tliat is to .say, its maxi- 
mum thickness is one-eighth the length of the inclined plane. 

One of the brass teeth together with the spaces on either 
side will give, very approximately, the diameter of the 
cylinder. This diameter is accurately measured by means of 
a, fine pointed pinion gauge, and a smooth ai'bor, passing with 
very slight play between its two points, can bo taken to 
represent the cylinder. The arbor is now placed between the 
longer arms of the incline compass (503) in the correct position, 
that is to say, against the figure indicating the lift that it is 
desired the escapement shall possess (397). The interval between 
the two points of the compass indicates the distance of the 
circle d (fig. 38, page 278) from the circle B, the two being, as 
is evident, concentric. 

The external circle gives the total size of the wheel ; the 
inner one marks the portion that has to bo hollowed out. 
It must be remembered that wo are here only considering the 
dimensions of a finished wheel. (Sec the subsequent article 483.) 

In the absence of the compass above referred to, a micro- 
meter, with jaws between which the arbor is placed, can be 
employed to determine the height of the incline in accordance 
with the explanations given in article 397. 

480. — The total thickness op the wheel, when the 
workman has no pattern to go by, must depend upon the 
amount of space available without detriment to the correct 
proportioning of the other parts of the escapement. Introduce 
a small piece of brass, filed to a convenient shape, between the 
cock and chariot when these two are connected together apart 
from the plate, and by this means ascertain the exact distance 
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between the two jewels. Mark on the edge of the brass with 
the fine corner of a file ; (1) the length absolutely required for 
each axis, in order to keep the two ends of the cylinder at a 
sufficient distance from the jewels and their settings; (2) the 
height necessary to ensure strength in the lower shell; (3) the 
thickness of the collet. The remaining space gives the total 
height of the great lip, and it will be easy to determine the 
most convenient total thickness that can be given to the wheel. 
In w-ell planned modem watches this thickness equals about 
two-thirds the heiglit of tlic opening. 

481. — The THICKNESS or the flat of the wheel sliould 
be no more than is required for the due solidity of the arms. 
The flange ( giving the width of the rubbing faces of the teeth) 
has the same thicknc.ss as the flat (sometimes it is rather greater 
Avhen this latter is very thin), and the thickness of metal appro- 
priated to the pillars is somewhat greater, but it will depend on 
the elevation of the impulse plane. 

482. — With the help of these practical details any intelli- 
gent and skilful watchmaker will be enabled to make a well- 
proportioned wheel. But anyone who finds difficulty in 
accurately determining the several dimensions had better take 
them from a well-made wheel with the required number of 
teeth. The diameter, thicknesses, etc., may be increased or 
decreased so that the two wheels are proportional to the thick- 
ness and diameters of the watches to which they belong. 

483. — The proportions here given for the height of ike teeth, 
the thickness of the flange, and the height of the pillars, etc., refer to 
a finished wheel ; the workman, in roughing it out, must always 
remember to leave it from a third to a quarter larger, for the stoning 
and polishing will reduce it by at least this amount. 

It is, as we have already observed, advisable to make at 
least one wheel as an experiment, not merely in order to make 
sure of the accuracy of the proportions and to fry the tools, but 
also to test the cutter employed in forming the U -spaces, as it is 
essential to know the exact depth to which they ai’O cut before 
marking out the arms of the wheel. 

To make the Wbecl. 

484. — English cast steel, known as square steel, is excel- 
lent for making escape-wheels. It is first reduced in thickness 
by forging, very great care being taken to prevent burning of 
the metal, and, when nearly of the desired thickness, is subjected 
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to a gentle hammering while cold, after which it is annealed. 
This treatment renders it very soft for working. (The article on 
Steelin {ka Handbook gives other modes of preparing the metal.) 

In the factories bands of ready-prej^ared rolled steel arc 
kept, and this is very easily worked with tlie graver. 

A square piece of such metal is taken, and after drilling a 
hole in the centre of a convenient size for riveting the jiinion, 
the metal is rounded with a file. Tliis hole must be broached 
out with care and j)erfectly straight, employing for this purpose 
a broach that is very little tapered. Tlio wlieel is turned care- 
fully of the required diameter and thickness on a rather short 
arbor, round and corresponding in form to the broach employed. 

The metal is now turned down in such a manner as to 
leave a flange (in which the inclines arc cut) projecting. 

In factories the escapement-makers liollow out tlieir wheels 
on a small mandril with a slide-rest, which is worked by the 
foot, an intermediate distributing wheel being employed. 
When tliis or an analogous process cannot be resorted to, they 
hollow out the interior of the wheel, which must be kept 
perfectly flat, and work from the centre towards the rim, using 
a cutter the nose of wliich is hooked and very carefully ground. 
It is necessary that oidy a small quantity of metal be removed 
at a time, for otherwise there would be some danger of distort- 
ing the wheel or bending the arbor ; and if the cutter has not a 
good edge it will, as it were, rub the metal instead of cutting 
it keenly. This will render it the more apt to lose its shape in 
the hardening, and might even make the flat of the wheel, 
when it is tliin, become cockled, and move up and down under 
the pressure of the tool. Or the wheel can be hollowed by the 
use of an ordinary graver. 

Tlie cord of the bow should pass round the ferrule in a 
converse direction, that is to say it must cross on the opposite 
side. By this means the movement of the bow will cause the 
ferrule to rotate backwards. 

The tool-rest being so placed that the point of the graver 
can travel past the arbor, the interior of the wheel is hollowed 
out and shaped by presenting the tool to the side farthest from 
the workman. 

A small mass of metal or boss is left untouched at the 
■centre to ensure that the wheel may always be set true on the 
arbor. This is not finally removed until the wheel is quite 
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finished, and then the thiekness must be left sufficient for 
riveting the pinion. 

In measuring the several thicknesses a douzi&mo gauge is 
employed. Tiiis will bo found described in the chapter on 
tools (H84). The wheel must never bo removed from the 
iirbor by means of a hammer. 

485. — After .smoothing tlic flange with oilstone-dust, the 
arms are roughed out m as to admit the screws by which the 
wheel is fast(>nod to tlio table of tlio cutting engine. The 
nndcr-.sidc of the wlieci and the flat of tlic teeth are then stoned 
down, either on a sheet of ground glass, or a largo polishing 
iron, or on a lap. A tliick steel disc fastened to the end of an 
axis carrying a ferrule (fig. ;J4, page 246) is employed for 
.stoning down the interior of the wheel. This disc is drilled out 
i'.t its centre so as to admit the small boss in the middle of the 
wheel. Its face niu.st be perfectly flat, and its diameter should 
1)0 such that it just enters the hollow with a slight amount of play; 
rotating the axis with a rather light bow, the wheel is .stoned 
down by holding it with the finger against the face of the disc. 

486. — The wheel is now ready for cutting, and if the work- 
man has any fear of bre.akage he may strengthen it with brass. 

For this j)urpose take a brass disc rather larger than the 
Vv’heel and of at least twice its tliickne.ss. A hole smaller than 
that of the wheel is drilled at its (;entre, and, with a sinking 
tool, this hole is increased to half its depth so as to admit the 
boss of the wheel witho^it contact. The disc is now placed on 
an arbor and turned perfectly true on its two faces ; a flange is 
turned on the edge, forming a shoulder, so that the wheel can 
be adjiustcd on it; and, Avhilc the interior will thus be exactly 
filled with the brass, the flat of the teeth will rest firmly against 
the projecting lip. 

It will be seen that when thus protected we can mount the 
wheel on the table, form the (J -spaces, and cut the teeth with- 
out fear of di.storting it — an accident that might very easily 
occur without this backing if the workman has not considerable 
experience in the making of escape-wheels. The be.st makers 
manage to do very well without such an addition. They are 
thoroughly at home with their tools, and their hands are steady. 

4j^7,_The wheel is divided into twice as many parts as it 
is required to possess teeth, for each space represents the length 
of a tooth plus twice the thickness of the cylinder. 
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The flange must at first be only partially cut through, as 
indicated at », 1, //, fig. 38. It will thus retain sufficient firm- 
ness to avoid all danger of distortion when the U-spaces are 
cut, or if the arms are finished before making the inclines. 

The flat circular cutter employed must be of the exact thick- 
ness of the shell of the cylinder ; that is, it must be at most 
one-eighth the length of the inclined plane. It is necessary to 
slightly dish the two faces of the cutter. 

The surface of this cutter is prepared either with a wheel- 
cutting engine or a chisel. It must be quick in its action, for 
otherwise the operation would strain the wheel. 

In the absence of any better means the necessary rough- 
ness can be imparted to the edge of the cutter by pressing it 
firmly on a fine new file and drawing it along in the direction 
of the cut. Any burrs that may bo formed on the sides of the 
cutter are afterwards carefully removed. 



Fig. :;8. 

It must be placed directly in a line with the centre of the 
wheel and must cut sharply, a little oil being applied fi’om time to 
time. The workman should remember that the heels of the teeth 
are to be very near the U ^rms, so that, when subsequently 
sloped, the curves may be continuous (see t and w?, fig. 38). 

After partly dividing the teeth in the manner explained, 
and while the wheel is still on the table of the cutting engine, 
the inclines may be roughed out (i fig. 38) by means of a 
conical cutter or by sloping the axis of an ordinary cutter. 

Pillar Tool and tool Tor forming the ll's. 

'I 

488 , — This consists mainly of a sort of mandril lathe 
represented in fig. 3, plate IV. The arbor h carries a circular 
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cutter a (also shown at b, fig’. 6), which is held in position by a 
clamping screw J (fig. d). The cutter is only roughened on its 
outer curved surface, and any workman can make it for himself 
by using the sharp angle of a new file. The slide b b is caused 
to traverse a slot in the frame by means of the screw o. The 
plate r, seen in side elevation, is perforated to admit the cutter 
a. This plate, used in rounding the pillars, moves with the 
slide B B, being attached to it by two feet and a screw, the 
extremities of wdiich are seen at d‘. It can thus be detached 
from B when required. 

The following accessories to this apparatus are necessary : 

(1) The carriage shown in side elevation in fig. 4, and in 
end elevation in fig. 5, which, when cutting the (J’s, must take 
the place of r, being attached to B by the projecting piece p of 
the frame p ^ k that supports the carriage. 

(2) A rest that is supported in the piece / g (fig. 3) by 
means of the clamjiing screw h. It is mainly of use in rotating 
the cutter a. 

To form tlie U'^. 

4S9. — The carriage showia in figures 4 and 5 is used as 
follows in forming the wheel s e (fig. 4), after being 

divided into twice as many parts as it is required to possess 
teeth, is placed with its flat resting agamst the plate x of tlio 
tool where it is centred by the screw b, the conical point of 
which projects just so far as to prevent any shake of the wheel 
wdien lying flat. The plug o (fig. 4), also shown at a, fig. G, is 
now placed wntliin the wheel and pressed by the screw m 
(fig. 4) : the wheel is thus rigidly fixed. The screw M, however, 
must allow of the wheel being rotated with some friction. 

The point of the detent or guide D (fig. 5) is now placed in 
one of the cuts in the rim of the wheel and the carriage is fixed 
to the slide b b by its arm p in the manner already explained. 
The entire carriage rises and falls on the vertical piece i k, being 
limited in its path by the screw N. The screw G is first moved 
until the extremity of the cutter a is level with the lower side 
of tlie teeth. The exact depth to which the (J’s are cut can be 
regulated by the screw n. The position of the wheel can be 
adjusted by the screw f as it moves the support that carries the 
detent n. After making sure that all the screws are properly 
clamped, the workman proceeds to cut the U’3» working the 
bow placed on the ferrule I (fig. 3) with his right hand, while 
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the left holds the rarriage, gradually lowering it until it rests on 
the set-screw n, when the cutter will cease to act. The screw M 
having been eased, the guide D is raised and introduced into 
the next cut but one ; the screws are again clamped firmly and 
the second (J is cut, etc. 

400t — At this stage the division of the wheel may be 
completed by introducing a fine equalling file, stoned on its 
faces and thinned towards the back so that it only acts with its 
edge, into the cuts /i, 1, «, etc. (fig. 38 ). The removal of a very 
little metal sliould suffice to detach tlie several pieces. 

The heels of the teeth, t, are next sloped by means of 
a smooth curved file stoned at its edge, so that they take the 
curvature of the (J’s, as at m. Care is essential in tills operation 
to avoid straining the teeth or touching their points with the 
back of the file, for then their lengtlis would no longer be equal. 

Some workmen craploj’- a special tool for this purpose which 
is also available for adjusting the length of the teeth when they 
require to be equalized. It is very similar to tliat employed in 
forming the inclines.* 

Tvoun cling of the Pillars. 

491. — This operation can be performed by the aid of various 
tools, and the lathe described in article 4SS is available for the 
purpose. In some cases the cutter is arranged so that it rotates 
round the pillar, while in others it remains stationary, and a 
.semi-circular movement is imparted to the wheel itself. This 
Avheel is held by the finger Avith its teeth upwards against a firm 
support (r fig. 3, plato IV.), which can be so placed by the 
adjusting sci'evv g, that the flat end of the cutter is in a plane 
with the under surface of the teeth. Holding the Avhoel by a 
finger of the left hand with its flat against r, and working the 
bow which driA^es the ferrule I Avith the right hand, the Avheel 
must be moved about so that the cutter rounds off the pillar in 
the manner required. 

This cutter is driven by means of a horsehair bow, and only 
cuts with its cylindrical surface. A watchmaker that possesses 
neither a tool for making pinions nor a Avheol-cutting engine, 

• Escapement-makers sometimes avoid the necessity of filing the heels of the teeth 
by setting tlie cutter so that its plane of rotation passes to one side of the centre of the 
wheel instead of through it ; the slopci of the heel is thus formed in the first instance. 
But when such a practice is resorted to, the thickness of the cutter is no longer identical 
with that of the shell of the cylinder, and much skill is required to choose one of such 
dimensions as to produce teeth that are neither too long nor too short. 
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can form tlic cutting surface with the angle of a new smooth 
file. The flat end of tlie cutter must not be at all rouffli. 

It is sometimes better to postpone the rounding of the 
pillars until after the inclines have been formed, so as to make 
sui’c that these project sufficiently from the pillars to prevent 
the oil from escaping. 

49i. — We have ourselves adopted the following form of 
apparatus, for with the method above explained there is some 
difficulty in rounding all the pillars to the same extent. 

The wheel is fixed by a screw s (fig. 8, plate IV.), which 
has a large head (hollowed out below so as to admit the boss of 
the wheel and enable it to press on the arms), on a previously 
prepared brass plate p, cut awmy at the top in order that the 
cutter may have access to the pillars ; the flat of the wheel, of 
course, is against the plate. One tooth is held by the stop y. 

At the centre of the curve which it is desired to give to 
the pillars, « for example (which will be nearer to or farther 
from the pillar according as the curvature is required to be 
more or less pronounced), a hole is drilled. This hole fits on 
to a pin fixed in the plate r (fig. 8), occup 3 fing precisely the 
same position on this plate with regard to the cutter that the 
hole n (fig. 8) occupies with reference to A 

The action will be easily undei’stood ; p is held against r 
by a finger of one hand, the entire system p p' being pivoted on 
a centre of movement ?/, and the other hand is occupied in 
giving motion to the cutter, which thus rounds the pillar along 
the arc d d. 

After loosening the screw 5, another tooth is brought 
against the tongue y, s is then screwed up, and the rounding of 
a second pillar proceeded wnth, and so on. 

The diameter of the hole in the wheel is the same as that 
of the neck of the screw s. p p' may be held by a thumbscrew 
or nut, and the length of its course may bo limited by a set- 
screw. 

The pillars may be stoned down in a similar manner, or In' 
merely holding the wheel against the plate r, the cutter being 
replaced either by one that has not been hardened, but is simply 
roughened from time to time with a file, or by a ruby file. 

In order to avoid confusion in the figures, some of the 
details given in fig. 5 have been omitted in fig. 4, but the one 

complete the other. 
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Forming the Inclines. 

493. — As the teeth have now been completely divided 
and the pillars rounded, it is a simple matter to ascertain the 
exact diameter of the cylinder. This dimension will enable 
the workman to verify the height of the teeth, employing the 
incline gauge, before ho proceeds to form the inclines. 

If the teeth are found to be too high the inclines must bo 
cut to the requisite height without regard to this excess, and 
the points, which will be left large and square, must be reduced 
by filing inside in the manner indicated at f (fig. 2, plate I.). 

In forming the inclines the wheel is so placed in the tool 
specially designed for this purpose that each tooth in turn only 
allows the metal to project that is required to be I’omovcd. 
This removal of the superfluous metal is accomplished by 
means of a smooth new file, which must be lightly handled. It 
must only be allowed to cut during a forward stroke, and 
should not oven rub as it is brought back. 

It is necessary to leave a slight excess of metal on the 
inclines to allow for that removed during the subsequent 
smoothing and finishing. 

Tool for forming the Inclines. 

494. — This tool is represented in figure 12, plate IV. 
The wheel is fixed on an arbor without a ferrule, which is then 
placed between the two centres L, p; the wheel thus enters 
between the tongues a, c, the flat of each tooth resting in turn 
against the tongue a in such a manner that no more matter 
projects above it than is required to be removed in forming the 
tooth. Having the heel of the tooth supported against the 
spring guide c D (the nose of which projects between the 
tongues to the point o), and holding the wheel against this stop 
by a finger of the left hand, the workman proceeds with his 
right hand to file away all the projecting matter. The file 
must only cut during its advance, and should be raised from 
the wheel when brought back. 

The handle d of the guide is now pressed downwards so 
that its nose is removed from a, the wheel is rotated through 
the interval of a tooth and, after replacing the guide, the for- 
mation of the second incline is proceeded with. 

Remarks. — The tooth can be brought against a part of the 
tongues that is more or less inclined by moving the screw b,. 
and thus altering the position of the nose of the guide. 
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I’lie carriage e f, which supports tlie -whool, is raised or 
lowered by the screw J, and fixed in any position by u. 

And similarly, the other sliding frame a is movable by the 
screw K, and can be fixed by the clamping screw M. 

It is almost unnecessary to observe that when each part has 
been placed in position, and before proceeding to work with the 
tool, all the clamping screws must bo firmly fastened down. 

In new tools the extremity of the tongue a is hooked up- 
wards to prevent the file from slipping. Some watchmakers, 
however, find this hook inconvenient, and remove it. 

To iinisli the inclines and fh(f arms of the wheel. 

495 . — The points of the teeth must bo carefully rounded 
off as well as the inclines (both lengthwise and crosswise), and 
all sharp angles must bo stoned down. 

The arms of the wheel may now be finished. It is un- 
necessary to give elaborate details on this subject, and we 
would only point out that they must be thin so as to reduce the 
weight of the wheel, and three files in good condition are 
re(iuirod for the purpose : (1) a rounding uj) file nearly flat on 
one side and half round on the other; (2) a crossing file, 
the (^dges of which are smooth; (3) a small flat file similar to 
that used for reducing the heels. 

In shaping the arms the wheel may be firmly set in wax 
in a small collar formed with a flange on which tlie rim of 
the wheel rests ; by this means it is possible to op})ly a greater 
amount of pressure, and the risk of straining the teeth is avoided. 

In factories the arms are formed either by a punching 
machine or a special tool in which cutters are aiTanged to 
remove the superfluous metal quickly and neatly. Formerly 
the greater number of escapcmcnt-makcrs employed a kind of 
universal tool, by the use of which it was possible to form 
the arms, and the inclines, to cut the teeth and to 

round the pillars without displacing the wheel ; but, at the 
present day, cylinder escape-wheels pass through several hands. 

Hardening the Wheel. 

496 . — ^Various methods are adopted. 

Some workmen in factories suspend the wheel by a fine iron 
wire doubled, the ends of which are formed into hooks, so that 
* the wheel is maintained flat without being in any way strained. 
A gentle circular movement is given to it while held in a small 
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lamp flame, so that the heat may be uniformly distributed ; and 
it should bo in a dark room, in order that the required tint 
may be the more easily observed. The wheel, held perfectly 
flat, is immersed in oil as soon as it assumes a cherry-red tint 
throughout ; Jtnd this temperature must not be exceeded, lest 
the metal bo burnt. Very groat skill is necessary to jicrform 
this operation with perfect success. 

A Paris watchmaker used to harden his escape-wheels by 
heating them while completely surrounded with iron filings. 
He found this method to make the wheels very hard, and they 
were not distorted. 

Some workmen enclose the wheel in a small copper box 
like a watch barrel without teeth and jn’ovidod with a lid which 
(inters freely and rests on the flat of the teeth. The whole is 
heated to a cherry red and plunged in oil. 

Others place the wheel between two plates which are not 
screwed together but arc held in position by three or four ]nns. 

Others again employ a tube heated by a lamp. As soon 
as the tube is hot the whe(il is held flat (with an iron wire) in 
the middle of it and transfeiTcd to the bath of oil immediately 
on asisuming a cherry -red tint. 

The following method is, however, best for those who have 
not considerable experience in harden’n ' delicate olqccts. 

A plate of iron, or preferably of red copper, about 5 milli- 
metres (0‘2 ins.) thick is hollowed out to a depth of 1 or 2 milli- 
metres. It should be pnwided with a handle, or formed so that 
it can bo easily held in the pliers. This plate is rested on 
burning fuel (glowing turf is best) in a small furnace. Imme- 
diately on acquiring a cherry-red colour it is removed, and 
the wheel is placed flat on its surface. The wheel will thus 
be heated uniformly merely from its contact with the plate 
.(which should be lightly struck), and, when it is raised to a 
cherry-red tint, should be introduced horizontally into the oil. 

The reason why the plate should have a certain mass is 
evident ; if too thin it would lose its heat rapidly, and thus bo 
incapable of raising the temperature of the wheel to the requi- 
site extent. 

A method of hardening in which the oxidation of the metal 
is avoided, and that may be applied with advantage to these 
wheels, was suggested by F. Houriet for hardening spherical 
balance-springs. 
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407. — nouriet Process . — “ TJio core on wliicli the spring is 
coiled is to be enclosed in an iron cylinder, and fixed in its 
place by a brass lid held by very .slight friction. This cylinder 
is placed concentrically in an open iron cage mounted on sup- 
ports. At the upper end of the cylinder, that is to say, at the 
end opposite the brass cover, is screwed a long rod terminating 
with a cjdinder can be rotated without 

inconvenience from the heat. The cage thus arranged is intro- 
duced into a small charcoal furnace, taking care that as much 
heat as possible is applied at tlie circumference of the cage, so 
that the spring may be uniformly heated throughout ; tlie 
handle is turned from time to time in order to make this 
uniformity the more certain. When the cylinder is sufficiently 
heated it is witlidi’awn by means of the handle, and at once 
introduced in a vertical direction into slightly warm water; the 
brass cover of the cylinder is first chilled, and as it is more- 
expanded by heat than iron, it becomes detached and falls to 
the bottom of the water ; the core imincdiatcly follows it, and 
the balance-spring is thus hardened without being in any way 
damaged by the air. As in this state the spring is hardened to 
a maximum it could not bo used without at once breaking, and 
must be tempered with oil in the ordlnax’y "way ; it then assumes 
a bronze tint which in no way disfigures it.” 

Completion and Correction of the WMicch 

498. — The inside and outside of the wheel and the flat of 
the teeth are now cleaned with gi-eat care, for the metal is very 
brittle from being hardened to its highest point; and when 
thus cleaned the wheel is tempered, being adjusted with slight 
friction on the end of a brass rod, which is held in the flame at a 
distance of about an inch from the wheel. This brass wire must 
be rotated between the fingers, so as to ensure that all jxarts 
are equally heated. As soon as the blue tint, commencing at 
the centre, has reached the feet of the pillars, the wheel is 
dipped in water, for the teeth must, so far as possible, bo 
tempered to not more than a straw-yellow ; if let down farther, 
although less fragile, they are not so well adapted to preserve 
the surfaces of the cylinder edges. 

Or the wheel may bo tempered by laying it on a plate 
previously heated, and at the same time re.sting on the flat of 
the teeth a rather heavy steel collet. As the temperature of 
this latter can only be raised gi'adually, it follows that the flat 
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of the wheel and the feet of the pillars may bo let down to the 
requisite degree before the teeth themselves have changed 
colour. But if some teeth do not touch the mass of steel, or 
only do so imperfectly, these will change colour more rapidly 
and to a greater extent than the others. 

490. — The wheel is often distorted in the process of 
hardening, and it may bo corrected as follows: — 

A disc of steel, hardened and let down to a blue colour, 
is turned with its faces perfectly flat and parallel, and of such a 
size as to fit the interior of the wheel. The wheel, fitted witli 
this disc, is gripped in a kind of clamp, the jaws of which arc 
provided with flat, well-fitting buttons ; the whole is then held 
above the flame of a spirit lamp until the disc assumes a blue 
and the wheel a yellow tint, when it is placed in a vice and 
allowed to cool. Or the pressure may be applied by means of 
a weight, providing it is sufficient. 

500. — The wheel is now placed on an arbor and delicately 
touched with a hard stone and oil, or in the manner adopted 
with duplex escape-wheels (553). The inside is smoothed with 
fine white oilstone-dust, as already explained ; but a very light 
bow must be used lest the polisher slips, or the wheel, which it 
is necessary to hold with extreme care. When it is desired to 
impart an extra smooth surface to the inside, this may be 
accomplished with a wooden polisher and oil, supj)lomented 
by the residue left by the steel polisher. 

The heels are prepared with a flat iron file and oilstone. 

The inside of the (J -spaces and the curved surface of the 
pillars are smoothed in the pillar tool, the steel cutter being 
replaced by a ruby cutter, or by one of soft steel roughened 
with a file. The arras of the wheel arc smoothed with an iron 
file, and finished off with a piece of wood. 

The lower face of the wheel and the flat of the teeth are 
stoned down, as we have already indicated, on a sheet of 
ground glass, a smooth piece of iron, or a lap. 

501. — After verifying all the spaces, in order to make 
sure that none of the teeth have been distorted in the 
hardening, the heels are very slightly rounded with a polishing 
iron and coarse rouge (or a ruby file). They are polished first 
with medium and then fine rouge, and finally the angles, the 
points of the teeth, and the inclines are finished with a 
burnisher. These inclines, however, may, for their better 
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preservation, bo polished and burnished lenijfhoiae in the tool 
used for their formation. It will be remembered that the 
incline itself is to be what is known as headed. 

The inclines of the commoner class of escape- wheels pro- 
duced in factories are polished in the foot-lathe with a strip of 
spriiifr oharged with rouge, which, being fixed to the rest of the 
latl e, is drawn along tlie inclines. It cannot be considered a 
.satisiact(jry method, as it is essential tliat the points and heels 
of the teeth be afterwards polished by hand ; but being very 
expeditious it should be mentioned. 

It is fully described and illustrated by a figure in Chapter 
VIII. (Article 509). 

The wheel is cleaned with soap and water applied gently 
with a brush of moderate strength ; it is then transferred first 
to pure water, and afterwards to spirits of wine. On removal 
it is delicately wiped until quite dry with a fine linen rag, 
followed by a soft brush. 

To Pivot an Escape-wheel Pinion and set the Wheel in 

Position. 

502. — When the old pinion is available it is easy to make 
a counterpart, and accurately adjust the several dimensions. 

But, in the absence of such exact data, either of the follow- 
ing methods may be adopted for determining the position the 
wheel should occupy ; and, with this known, it is easy to fix 
where to turn the rivet and the two pivots. 

(1) A brass washer is placed in the escape-wheel hollow 
of the plate, and the wheel itself is laid upon it. The wheel is 
thus held against the cylinder, and it is only necessary to 
gradually reduce the thickness of the washer until these two 
mobiles are suitably placed with reference to each other. 

The height of the rivet above the shoulder of tlio bottom 
pivot is equal to the distance between the jewel-hole and the 
upper face of the washer, a distance which may be easily 
ascertained by any one of the following methods. 

(2) A thin disc, similar to the flat of an ordinary W'hecl, and 
cut away at a (ii, fig. 7, plate IV.) is laid in the hollow of the 
plate. It rests on three small screws as feet ; two of these are 
short, and stand in the escape-wheel hollow, while the third is 
longer, as it is supported in the hollow of the fourth wheel. 

By turning the screws the disc is caused to lie in the hori- 
zontal plane that the escape- wheel should occupy, the projecting 
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piece d of tlie disc lying in the middle of the banking slot of the 
cylinder. 

The distance between the lower jewel, in the plate, and the 
under surface of the disc ii, is now measured with very great 
accuracy eitlicr by a small rule (r, fig. 7, plate IV.), in which a 
slot is cut, held vertically over the pivot-hole a, or by the 
adjustable square (c, fig. page 270), resting its pivot in the 
pivot-hole. Tills measurement gives the exact distance between 
the shoulder of the rivet and th.at of the lower jiivot. 

TJie escape-wheel bar having been fixed in position, the 
workman now measures, carefully and without bending the 
bar, the interval between the two jewels; this gives tlu! jioint 
at which the shoulder of the top jiivot should be turned. 

If these several o])Crations have been jiroperly performed, 
it only requires a little attention to eirsuro succ('ss. 

Some watehuiakers finish off the rivet and pivots bcfi'rc 
riveting the wheel in po.sition. The}' use an ordinary thin 
screw ferrule, or one having two screws sunk in the groove and 
clamping between the leaves of the pinion, or a plain ferrule 
chamfered on either side, in w'hich the jiinion is fixed with wax. 

Others first complete the rivet and the top pivot; they 
then fix the wheel, cement a very light fciTule, such as that 
shown in side elevation at f (fig. 7, jilatc IV.), to the flat of the 
teeth, and finally turn and finish the lower pivot. 

The suiiace of this ferrule must, of course, be covered with 
sealing wax after it has been heated to a sufficient degree, and 
it should be detached from the wheel in the manner explained 
when speaking of the cylinder ( 476 ). 

It is best to use a pliable black horsehair, or ordinary hair, 
on the bow, as the hand is less sensitive to the varying resist- 
ance of the Avork when one of greater stiffness is employed. 


CHAPTER VIII. 

TOOLN.-TO llE’SET A RUUY 


Incline 

503 . — Two strips of steel, ah c d (fig. 1, plate IV.), are 
carefully shaped with the file, and, after drawing the lino e g, 
the position of the centre or hinge is marked at r; the length 
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r E is then adjusted to be exactly seven times r o (either with 
a compass, or, preferably, with an accurately graduated scale). 
The dividing lines 1, 2, 3, 4, .5, 6, 7 are marked off and after- 
wards the subdivisions 3|, 4i, etc. 

The centre hole r is next drilled, taking every precaution 
to avoid displacing it, and the pieces are sliaped to the form 
indicated in the figure, observing that each projection must 
coincide with the intersection of the lino o E with one of the 
divisions, as otherwise the tool would not be correct. Finally, 
the two arms arc united in the manner adopted in double 
callipers (a, fig. 1). 

Wlien the tool is closed each pair of points should be in 
contact. 

When the cylinder is held betw'oen the points, /», of the 
longer arms, the jaws, z, z, will be separated by an interval of 
one-fifth (or, w'hat amounts to the same thing, two-tenths) the 
diameter of the cylinder. If the cylinder is held in the points 
intermediate between those mai'kcd 4 and 5, the space <r r is 
intennediate between one-fifth (two-tenths) and one-fourth (tw'o- 
eighths) the diameter ; that is, it is two-ninths. 

The two pieces forming the gauge must be perfectly rigid, 
and the shorter arms, which can be curved or lengthened, if 
neccssai'} , in order to correct any slight error, must have fine 
hard points. 

Cylinder Compass. 

50 - 1 .— The gauge for measuring the half-shell of a cylinder 
(fig. 2, plate IV.) is formed in a similar manner, that is to say, 
the total length ii r is divided into o(j equal parts (millimetres), 
and the centre of movement is placed at the twentieth such 
division. 

If the longer arms arc set so that a cylinder passes without 
play between m n, the space a s between the shorter ones is 
rather less than seven-twelfths the diameter of that cylinder 

( 1454 ). 

Had the total length been divided into 57 parts with the 
centre at the twenty-first, the space between a s would have 
been exactly seven-twelfths of the interval m n, for the propor- 
tions then would be, 21 : 36 : : 7 : 12. 

The half-shell of a cylinder can also be measured with ease 
and accuracy by means of a dial-micrometer, if it is constructed 
in the manner explained in the article on Micrometers ( 1486 - 8 ). 

19 
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Cylinder or Jacot Gaup^e. 

505 . — This consists of throe strips of steel (fig. 9, plate IV.) 
riveted at their extremities to two cross-pieces, and separated 
by two longitudinal spaces a and 5. The proportion between 
the widths of a and I is maintained the same throughout their 
entire length, that is to say, ‘wliilo tlic number on the side 
of the larger opening h indicates the diameter of a cylinder held 
within it, the same number in the smaller opening a gives the 
height of the half-shell measuring 200*^ of circumference. 

Assume c to indicate the point in b at which the finally 
polished cylinder is held ; if, when the gi’cat slot of this 
cylinder is held in a, it stops at the same number, the lips being 
finished, it is known to possess a half-shell of seven-twelfths the 
diameter of the c}'liudcr. 

Tools for Filing and Polishing the Shells and Plugs flat. 

506 . — The cylinder is held between the centres T and 8 
(fig. 11, plate IV.), and the cylindrical piece of hardened steel R 
(sliding tightly on s) is raised by the screw v until nearly level 
with the flat of the shell. This is then made true w’ith a flat 
file stoned at its edges, and the filing is continued until the file 
no longer hiies. The polishing is accomplished in an analogous 
manner. 

When using the apparatus shown in fig. 10, the cylinder is 
supported on the small fixed punch c/, the block A, which slides 
on B, is then adjusted by means of the screw o until the flat of 
the shell just projects above the surface of the hardened block A. 

This appliance should be provided with a second axis, 
similar to B, except that it is terminated by a small screw vice 
in which the plug can be fixed by its axis. The block is 
adjusted so that the face of the jilug just projects above it, and 
this is then filed and polished. 

Grammaire or Divided Plate. 

507 . — This consists of a flat brass disc, divided into 360 
degrees, and bearing the marks indicated in fig. 1, plate V. 

Let it be required to mark the lifting points of an escape- 
ment : the balance is laid on the side a, and the circular arcs 
thereon render it easy to place it central. With a pinion gauge 
the number of degrees in the lift (say 40® or the arc a c) is 
measured, and this distance is marked on the plate of the watch 
accurately below the balance, which must be placed in position. 
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The Grammaire may also be used for tracing out any 
angles on a body fixed on its surface, providing it does not 
exceed the plate in extent. 

The reverse side b, having at its centre a screw with a 
conical head, is used for accurately crossing out the arms of 
wheels, balances, etc. After fixing the wheel at the centre by 
means of this conical screw, tlie several lines are drawn with 
the rule indicated by dotted lines, which is placed against the 
divisions of the circles 5, 4, 3, etc., according as it is desired 
that the wheel shall have either of these numbers of arms. 

It is almost unnecessary to observe tliat when it is required 
to form an odd number of arms, the plate must be subdivided 
into twice that number of equal parts; this fact is indicated 
on B. 

Internal Gauge. 

508. — This tool, which is used mainly for measuring the 
interval between a pair of jewels, or the relative diameters of a 
barrel arbor and the interior of the barrel itself, is well known 
to watchmakers. 

The instrument we have employed for determining the 
distance between the cock and chariot jewels is constructed as 
follows : 

A strip of steel hid (fig. 2, plate V.) carries at its end h a 
small scrcAV a, and at its opposite extremity is fixed a graduated 
arc of a circle df. The finger h is centred at i and its point is 
turned upwards as shown at c. 

In using the instrument the portion a c? is placed on the 
plate so that the screw a is above the chariot jewel, and it is 
rotated until just in contact with the stone. The cock is now 
screwed in position and the two points of the instrument are 
introduced between the jewels so that, while a touches the 
lower one, the point of c rests against the flat face of the cock 
jewel. The weight of the finger h will suffice to maintain 
contact, and, after the division to which it points on the scale 
has been noted, the gauge can be removed and the finger 
fixed in the same position by the screw h. 

Incline Polishing loathe. 

509 . — This is represented in figs. 3 and 4, plate V., and is no 
more than an ordinary lathe specially arranged for the purpose. 

The mandril, m (fig. 8), carries a small chuck (indicated by 
the dotted line n n') or a tapered arbor r s, on which is fixed the 
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escape-wheel whose inclines require to be polished. The slide 
abed, shown in side elevation in fig. 4, carries an arm, r, as 
usual. 

This latter piece can be caused to slide in its support by a 
screw / g (fig. 4). The vertical rod h, which replaces the 
ordinary ’7’‘rGst, is perforated at i to receive the axis of the 
irregular shaped piece //{■ /, the portion x of which projects at 
right angles to j k. An arm n carries a screw forming an 
adjustable stop to limit the motion of the arm in a vertical 
plane as required, and it can be fixed by the clamping screw/?. 

A block m is pivoted in the projection x, being held by 
slight friction, and it can be rotated by the pin t. A piece of 
watch mainspring, o p m, about two inches in length is fixed to 
m by a screw. 

The instrument is used as follows : 

The appliance represented in fig. 4 having boon fixed on 
the bar of the lathe, and the escape-wheel placed firmly on the 
arbor r s, the slide is adjusted so that the spring o w is just 
above the wheel. AVhen the several screws have been clamped 
a sufficient quantity of polishing rouge is placed on the under 
face of the spring. 

The wheel is caused to rotate by a treadle and intermediate 
wheel, and at the same time, while gently pressing the spring 
against the teeth, an oscillatory movement is given to the 
piece m by means of the pin t. Such a motion is essential, for 
without it only the middle of the inclines would be polished 
since they possess a beaded form. 

Remarks. 

Workmen differ as to the exact arrangement of their tools, 
but the form adopted is always a modification of that above 
described. 

Some practice is necessary in order to ascertain the most 
convenient rates of motion as well as the best length and thick- 
ness of spring. 

The inclines can be polished on the ordinary finishing 
turns. In this case only the portions j k I n, and o ni »/ are 
required ; but j k must be prolonged to u », so that the hole 
which replaces i corresponds with the middle of the wheel, and 
the arm can thus be supported by the right-hand centre. The 
arm n is made of such a length that its screw can rest against 
the bar of the turns. 
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The left-hand centre carries an idle pulley, driven by an 
intermediate wheel, which communicates motion to the arbijr 
carrying the escape-wheel by means of a small screw carrier ; 
this arbor is supported between the centres of the turns and all 
the conditions indicated in fig. 4 are thus complied with. 

When the wheel is riveted to its pinion, this latter is the 
only method that can be adopted. The lathe is provided with 
two small chucks similar to that indicated by the dotted line n n ' 
(fig. 3) and perforated so as to admit the axis. The wheel having 
been centred by means of a pump cylinder is fixed to the chuck 
by screws. 

To make the ^ietting; of a Ruby Cylinder. 

510 . — A ruby cylinder is perfect from the point of view 
of wear, but its construction is difficult and costly, involving 
the labour of a skilful lapidary as well as of a highly intelligent 
watchmaker, and, even when made in exact accord with the 
requirements of theory, the rate obtainable with such an escape- 
ment is in no way better than that of a steel cylinder: we, 
therefore, in the first edition of this work omitted to give any 
details relating to it. Wo were further influenced by the fact 
that it is nearly always advantageous to replace a broken ruby 
cylinder by a well-made steel one, taking care, however, to 
make the internal drop slight and the shell tliin ( 404 ). 

Nevertheless, in view of certain special cases, and con- 
sidering that the details of its construction may be of service in 
various branches of horology, we will proceed. to give them. 
The method adopted by Perrelet, for an account of which we 
are indebted to M. Kedier, will bo followed. 

511 . — The steel framework of a ruby cylinder is known aa 
the setting^ and the ruby or cylindrical shell which surrounds 
and is cemented to the setting, is called the body. 

The setting is constructed as follows : 

A piece of square steel 4 mm. (O' 157 ins.) in the side, and 
5 or G mm. (0 2 in.) long, is pei’forated with a smooth hole 
having the exact diameter of the inside of the ruby cylinder. 

It is turned down to the form indicated at a' (fig. 5, 
plate V.), the top remaining square as at first. 

The diameter of the tube, after it has been smoothed, must 
be exactly that of the required ruby cylinder. 

The arbor on which it is turned must be introduced at the 
lower end of the tube a 
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The extremity is filed to a blunt point as indicated at a; 
it is then hardened and the edge sharpened, thus constituting a 
sort of trepan. 

A second trepan is made similar to the first, but sensibly 
smaller both in internal and external diameter; its several 
dimensions need not bo so accurately adjusted, as will be sub- 
sequently gathered. They should, however, be approximately 
as follows: externally it should pass easily into a hole that 
admits the cylindrical portion of the tool a; internally it 
should differ from A by the thickness of the internal edge of the 
groove that supports the bod}' ; in other words, it is such that 
the lower plug fits it. 

The use of these trepans Avill be presently explained. 

AVhen they are ready for use, a i^iece of soft round steel, 
of sufficient thickness, is perforated with a hole having the 
same diameter as that in the second of these tools, and it is 
then fitted on an arbor. 

This tube is turned down at i (fig. 5), until it fits the 
trepan A accurately. The workman is now provided with three 
pieces. A, B, and c ; the trepan, the future sotting, and the arbor. 

Having placed the trepan on i, and adjusted the arbor 
between the centres of the finishing turns, the trepan is held 
in the fingers and pressed against b while the arbor carrying 
it is caused to rotate, thus forming a cylindrical groove as 
indicated in fig. 6. This groove must be of such a depth as to 
admit the body and the toj) plug, an allowance being also 
made for the slight reduction in its length that must occur in 
the subsequent processes. 

Before removing a, it should be rotated in the groove so 
as to make sure that the bottom is as smooth and true as 
possible ; the portion of metal that guided the trepan and pro- 
jects beyond the line f g (fig. 6) is then removed with the graver. 

The second trepan is now placed on the end of the arbor, 
which it fits easily but without play, and, employing it 
exactly as in the first case, the thin internal shell is removed, 
with the exception of a projecting edge at the base, so that the 
metal is left as indicated by the portion of the drawing above 
the line a c (fig. 7). 

In this groove the body will be fitted, and above it the 
large plug which also forms the balance collet. The lower 
plug is fitted in the smaller perforation' (at a). 
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If not already done, as would be more prudent, the lower 
portion of the setting must bo turned down externally, as shown 
Bi s c a (fig. 7), and the entire surface must bo polished with 
fine rouge, especially the shoulder. 

The openings must now be formed, employing for this 
purpose special fine cut thin files. Commence by making the 
great opening, which appreciably exceeds a half-circumference 
(fig. 8). _ 

The smaller opening corresponding to the body is next cut 
and finally the banking slot; the setting is now as shown in 
fig. 9. 

Lastly, in order to ensure a sufficient exposure of the 
entrance and exit lips of the body, tl)e corners (o, h, fig. 9) are 
bevelled, and the setting thus assumes the form h h d o (fig. 10) 
when it is ready for hardening, providing the several opera- 
tions have been accomplished without in any Avay straining it. 

The metal is hardened by any of the processes described 
that are applicable to delicate workmanship. 

It can be tempered to a blue colour, or even slightly 
beyond that point since no part is directly acted upon. 

When the setting has been strained it must be re.stored to 
the proper form by the process described at the end of this 
article. 

The polishing of the setting is one of the most delicate 
operations of horology, if indeed it is not the most delicate. 
We will proceed tt) indicate the precautions that must be 
observed in this jirocess as well as in tliat of inserting the plugs. 

After the internal part has been made as clean as possible, 
and the tube that receives the small plug has been stoned down, 
an arbor is passed through the setting. 

All the several openings that have been formed are filled 
in with scaling wax or shellac, and the surface is carefully 
smoothed down, thus restoring it to the form t s (fig. 7). 

At the upper end of the setting a brass disc is adjusted 
perfectly true with the axis and level with the face of the 
shoulder; it will servo as a guide for the polishing file while 
working on the lower portion of the sotting and on that part of 
the top which is not cut away. The polishing in this case, and 
indeed in all others, must be quickly completed in order not to 
alter the form. 

Lastly, the upper circumference is polished and the wax 
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removed. All the surfaces should now be highly polished. 
Practice alone will ensure perfect success. 

The lower plug t' (fig. 10) is of the usual form. 

The upper plug T has a double shoulder and forms the 
collet. The slight depression at its face, in conjunction with 
the side of the great shell into which it is driven, forms a groove 
to receive the upper end of the body. 

The portion of t that is driven into the setting is, of 
course, rather larger than the external diameter of the ruby 
oody or half-shell of the cylinder. The actual face of the plug 
corresponds in diameter with the inner surface of this half-shell. 

It must be clearly understood that the part o (fig. 10) is to 
be so far reduced in height that it passes freely between the flat 
of the escape-wheel and the under surface of the teeth; the 
ruby cylinder thus renders necessary a wheel with higher pillars 
than is employed with the ordinary one. 

The plug is held in the shell by simple friction, but the 
body must be cemented in ])osition. The plug is driven in 
while the cement is hot, and it is still possible slightly to 
displace the ruby body (i c s fig. 10), if found to be 
incorrectly placed. 

513. — When a sotting is strained, it is usual to re-dress it 
as follows. 

When no balance is fixed on the cylinder a large thin disc is 
fitted truly on the great shell, practically constituting a balance. 

The small shell is now firmly fixed in a hole in a horizontal 
plate to which it must be accurately perj)endicular, and a strip 
of red copper, filed at its extremity like a screwdriver, is intro- 
duced into the opening whose pillar is strained. This copper 
rod is now heated, and as soon as the pillar commences to 
change colour it is bent, employing the copper as a lever. 
The effect is made evident by the motion of the disc, and this 
should be continued beyond the position in which the disc is 
parallel to the plate ; for it is essential to somewhat overdo the 
correction because the pillar will contract slightly when not 
subjected to the pressure of the lever. This is an operation of 
very great delicacy. 

Some watchmakers are extremely skilful in re-dressing 
cylinders in this manner, even if merely supporting the balance 
on a plate or between the fingers, but many who attempt the 
method only succeed in breaking the cylinders. 
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CHAPTER I. 

Preliminary. 

513. — The first crude sugfjestion of the duplex escapement 
seems to have licen made by Dutertre, a clever French watch- 
maker; but Pierre Lc Poy was the real originator of thi.s 
mechanism, having first constructed it about the middle of last 
century. He soon, however, abandoned it in favour of the 
detent escapement, and this fact has led some to infer that he 
had not formed a favourable opinion of the duplex, whereas it 
only goes to show that Pierre Le Roy, with that profound genius 
and extraordinary discernment which jilaccd him so far in 
advance of his contemporaries, had foreseen that the detent 
was the only form of escapement that he could employ for 
accurate timekeeping. 

We shall not stop to discuss the assertion of some authors 
to the effect that the escapement now under discussion was 
the invention of an English watchmaker named Dupleix, very 
little known even among his own countrjnnen, and who, more- 
over, if he made the discovery, did so long after the date of the 
French invention : one simple fact wdiich appears hardly open 
to argument is that the Latin word duplex^ signifying double^ 
was ap})lied to this escapement because, when first introduced, 
there were two escape-wheels, producing a double effect. 

It is a singular fact, and worthy of mention, that this 
French invention was much admired in England, whereas the 
cylinder escapement, of English origin, was generally prefeiTed 
in France. 

In our first edition "we attributed this circumstance to two 
causes : the caprice of fashion, so much thought of in France, 
that favoured thin watches, to which the cylinder escapement 
is the better suited, and the practical character of the English, 
who prefer to lOok upon a watch as a timekeeper rather than as 
a mere bit of jewellery. Further inquiry, howevei’, has con- 
vinced us that we were in error, for a very great number of 
excellent thin watches have been sold in England. If in that 
country the public became disgusted with thin watches sooner 
than with us, it was only due to the fact that the English workmen, 
accustomed as they are to watches of larger dimensions, were, as 
a whole, unsuccessful in their management of the smaller class. 
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In England, thanks to the frequent use that has been 
made of tlie duplex escapement, many workmen are to be 
found who thoroughly understand its principles. But in 
France, watchmakers who arc thus specially skilled arc rare; 
indeed, only a fcAV know its principle and mode of action, and 
they are even divided upon those points ; if wo further mention 
that the duplex has too often been emjjloyed in watches of 
insufficient thickness, it will be A’^ery evident why it is less 
thought of here than abroad. 

For uniformity it is superior to the cylinder escapement, 
and we have numerous examjjles of duplex Avatches AAdiich, after 
going for a A’cry long time, giA’’C the time Avithin one or two 
minutes or CAam a fcAV seconds a month. But the escapement 
must be of first-rate Avorkmanship throughout. Its principal 
faults are a liability to setting, the delicacy of the balance- 
staff, and a rest A'ory far diverging from the tangential position. 
At the same time it must be observed that the risk of setting 
can be confined AA'ithin A'ery narroAv limits ; that a staff broken 
otherwise than by a A'cry severe bloAv is seldom met with; 
and, finally, experience has proA'cd that the wear of the pivots, the 
most common result of an untangential rest, can be prevented 
by making them hard and highly polished, the pivot-holes 
being of real rubies finished Avith great care and always well 
supplied Avith oil. The motive force employed is greater than 
that required with a cylinder escapement, and Avhile it must be 
sufficient it must ncA^er bo excessive. This is often found to 
be the case in English watches, a fact which explains their 
wearing more rapidly than French watches of similar make. 
On the otlicr hand, the motive force of these latter is often 
deficient in consequence of the Avatches being too thin. 
Without a good average motiA^e force (intermediate between that 
adopted in England and France some years ago) it is hopeless 
to expect that this escapement will give entire satisfaction. 

One author, who classes the duplex as inferior to the 
cylinder escapement, says, in referring to the former, that, 
“ considering what results one anticipates from the duplex, it 
may be regarded as a deception.” This statement is evidently 
either an error or an exaggeration, which shows that the 
author, without having experimented enough on the subject; 
sets down errors resulting from bad workmanship as being 
inseparably associated with the principle or mechanical 
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arrangement of the escapement. All those who have practically- 
studied the duplex assert that when made by a competent 
watchmaker it can be relied upon as a timekeeper for a long 
period, and its rate is better than that of a cylinder escape- 
ment ; it is well kno-yvn that, in small carriage clocks the duplex 
escapement has hitherto given the greatest regularity. 

If the reader assumes from the foregoing paragraph that, 
in defending this form of escapement against the unjustifiable 
discredit that has been cast upon it, we are expressing a wish 
that it should be more generally adopted, he will fall into an 
error; for we unhesitatingly confess to preferring the lever 
escapement which, while possessing an equally good rate, is 
not liable to set, is more substantial, and involves less absolute 
accuracy in both repair and construction. 

Denomination of the Several Part#. 

514 . — The principal and distinctive parts of this escape- 
ment are ; 

1. A small cylinder of ruby termed the roller (a, figs. 1 
and 2, and d, fig. 3, plate II.), carried by the balance-staff, to 
which it is cemented by shellac, being further held in position 
by a small collet, termed the plut^ {b, fig. 2), that is driven on 
to tlic staff. A notch or slit (a, fig. 1 and 4</, fig. 3) is made 
lengthwise in this roller of such a depth that the points of the 
teeth cannot reach the bottom. 

2. A lever arm is also carried by the balance-staff (e' figs. 
1 and 2, plate II.), called the hook, impulse -pallet, or simply 
pallel, which receives the impulse required to maintain the 
motion of the balance. 

3. A wheel provided with a double row of teeth : one set 
are long and tapered, lying in the plane of the wheel (a, b, c, 
fig. 1 ; E, d, L, fig. 3) ; the others are short triangular prisms 
and resemble pins projecting from the flat of this wheel {s,p, o, 
figs. 1 and 2 ; R and v, fig. 3, plate II.). 

Plgure 2 of this plate shows the balance-staff with the 
collet, impulse pallet e ', the roller a and the plug h in position. 

Formerly the escape-wheel pinion carried two superposed 
wheels, which, deriving their names from the difference of 
diameter and their distinctive uses, were known as the great or 
locking or resting wheel and the small or impulse wheel. These 
terms have been retained in the single wheel as made at the 
present day. 
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Action of the Escapement. 

515. — Consider the front of the balance as turning towards 
the left of the observer, that is let the balance be turning from 
z" towards d (fig. 1, plate II.): a locking will occur since the tooth 
D is supported against the roller at and this locking will be 
broken by a slight jump or recoil when the point of the tooth 
drops into the slit a. This is all that occurs during the vibra- 
tion which is said to be dumb. 

When the balance, brought back by the balance-spring, is 
turning towardsthe right, the tooth A (in the same figure) descends 
into the slit a of the roller, and, as it presses against tlie riglit 
side of this notch, pushes it forward (tooth b) during a short period 
of the vibration, finally escaping from it (tooth c) at the instant at 
which the pallet z is in the position z. Since the wheel is now 
free to move, the impulse tooth n falls against this finger c", and, 
pressing it forward with considerable energy, accomplishes a lift 
which continues until a locking is again caused to occur thi’ough the 
succeeding tooth falling against the roller (as indicated by d A). 

The balance is soon brought back by the balance-spring and 
another dumb vibration occurs (while turning to the left) ; so 
that the two mobiles are brought again into the positions 
indicated for the tooth a, and such a series of movements occurs 
during each Aubration. 

The pallet does not touch the impulse teeth near it while the 
locking is taking place. Contact can only exist when the lift 
occasioned by the locking tooth has brought the impulse tooth 
within a certain distance of the line of centres. 

An impulse, it will be seen, is given at each alternate vibra- 
tion ; the tooth does not escape from the roller until a backward 
and forward movement of tlic balance have occurred, and tho 
lift therefore only occurs on one side. 

This entire lift consists of two distinct portions : ( 1 ) the 
small lift or the circular arc traversed by the balance while the 
locking tooth is in tlic roller notch; (2) the great lift which 
commences immediately on the termination of the small lift and 
is measured by the circular arc i)assed over by the balance wliilo 
the impulse tooth remains in contact with the pallet or hook. 

These two successive lifts are only separated by a very 
small drop which is essential in order to ensure certainty of 
action ; this is known as the first drop to distinguish it from 
the second drop after the great lift has taken place. 
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Proportions in 'VoRiie at PifTerent ISpochs. 

510 , — TAVAN. — “ As the diameter of the ring which 
surrounds the Ijalance-staff (the roller) is reduced, the resistance 
whicli it opposes to the motion of the balance in friction during 
the rest will become less ; the recoil will also diminish as the 
dimensions of this cylinder and of the notch are reduced. (An 
examination of rollers constructed in Geneva in Tavan’s day 
shows that he regarded as a convenient diameter not more than 
about a fifth of the distance between the points of two teeth.) 

“As the depth to which the tooth pitches in the notch is in- 
creased, its action will be rendered the more certain. The best 
results seem to be secured wdicn this notch is one-sixth of the 
radius (that is, one-twelftli the diameter) of the roller; and 
its width must bo no more than is required to ensure the 
passage of the tooth in order that the recoil may be reduced. 

“ The small lift commences about 55“ before the impulse 
tooth engages with the pallet.” 

Tavan further observes, when speaking of the great lift, 
that it may be as much as 45“ or 50“ without inconvenience. 
We shall subsequently see that the exact amount of this lift 
depends solely on the proportions existing between certain 
parts of the escapement. It may be noticed that, according to 
this author, the two lifts together extend over an arc of from 
90“ to 100". 

517 , — JURGENSEN. — “The diameter of the roller should 
be a third of the distance between two teeth of the great or 
resting wheel. 

“ The lifting action of this wdieel on the roller (that is, the 
small lift) extends over an arc of 20“.” 

It is advisable that a drop of 10“ occur between the escape 
of the great wheel from the roller and the engaging of the 
impulse wheel with the pallet. 

The lift occasioned by this latter should measure 30”. 
Thus the imprlse pallet should have such a length as to produce 
a total lift of 40“, of which 10“ will be expended as drop; during 
the remaining 30”, therefore, it will be acted on by the wheel.” 

To satisfy this condition it is necessary that the diameter 
of the path of the impulse pallet be : 

For a 1 2-tooth wheel, } or the diameter of the escape-wheel. 
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518. — MOINET (Data given by M. Euggien). — ^With a 
15-tooth wheel, 

“ The great wheel must not pitch in the roller notch more 
than about one-twelfth the diameter of this roller. 

“ The great lift extends over an arc of 30“. 

“ The two diameters arc to each other as 3 is to 2 ; so that, 
if the great wheel is 6 lines in diameter, the small wheel must 
be 4 lines. 

“ The diameter of the roller is one-sixteenth of that of the 
great wheel (a very little more than two-sevenths of the distance 
between the points of two teeth). 

“ The roller notch must occupy an arc of 30° in addition 
to the rounding of its lijjs, which is about 10° for the two. 

“The ratio of the arm that communicates the great lift 
(the pallet) to the radius of the imj)ulse wheel may be as 3 to 5, 
that is to say, if the distance between the centres of the wheel 
and balance be divided by 8, five of these parts must be taken 
as the radius of the impulse wheel and three for the length of 
the pallet.” (The pallet would then pass without receiving any 
impulse. If this is not a clerical error we must conclude either 
that M. Euggien has expressed himself badly, or that Moinet 
did not notice the fact.) 

“ The balance should traverse an arc of 20° at least, and 
not more than 30°, between the passage of a tooth of the locking 
wheel into and out of the roller notch. The drop of the im- 
pulse tooth is sometimes as much as 10°, but there are authori- 
ties who advocate only 4° or 5”. 

“ When the balance-spring is in its neutral position, the 
great tooth should be in the middle of the roller notch, which 
must thus traverse the same arc to right or left in order to 
allow this tooth to escape.” 

We will conclude these extracts with the following: 

“ Some kinds of friction at the centres of movement appear 
not to appreciably interfere with the freedom of action, not- 
withstanding that experience would lead one to anticipate the 
contrary.” After giving a case bearing on this assertion that 
had occurred in practice, Moinet adds : “ What appears to be 
logically correct does not always occur in nature and expe- 
rience is the more certain guide.” 

519. — M. WAGNEE. — “ With a 12-tooth wheel I have 
preferred the following proportions : — ^Eatio between the 
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diameters of the two wheels, 3 to 2 ; — great lift, 30" ; — small 
lift, 50" ; — diameter of roller, two-sevenths of the interval 
between the points of two successive teeth; — drop of the 
impulse teeth on to the pallet, G“. 

“ The length of the impulse pallet follows from the extent 
of the great lift, the ratio between the diameters of the two 
wheels and tlio number of teeth, Wlicn these several dimen- 
sions are as given aboA^e, the length of the jjallet is about five- 
eighths the radius of the impulse Avheel. This length and the 
amount of tlic great lift vary Avith the size of the impulse wheel 
and the number of its teetli : to determine it accurately the 
escapement should be draAAUi on a large scale. 

The neutral position of the balance-spring should co- 
incide with a point between tlie great and small lift in order to 
prevent setting. 

“ This escapement admits of a supplementary arc of no 
less than 2G0" on ('ither side, which, together Avith the two 
lifting arcs, gives a total arc of at least G00‘\” 

520 . — GANNERY. — The impulse wheel occasions a lift of 
45" measured as usual at the axis of the balance, during AAdiich 
period the Avheel itself moA'es tlirough the interA^al between tAvo 
teeth less G" ; this allowance is essential in order to ensure the 
proper action of the escapement. 

A motion through 15" should suffice to liberate the balance. 
In carriage clocks or such as are liable to A'iolent shocks nearly 
25“ arc necessary. 

The diameter of the great or locking wheel is to that of 
the roller as 1000 is to 50. 

The diameter of this latter is then about two-sevenths of 
the distance betAvecu the points of tAVO successive teeth. 

521. — M. WINNERL.— Lift, 60". The real lift is, how- 
ever, not more than 45", the remainder being taken up with drops 
and the motion of the locking wheel while held in the roller 
notch. 

The balance ought to traverse an arc of 15" from the 
neutral point of the balance-spring in order that the loclcing 
tooth may escape. 

The diameter of the roller should be reduced as much as 
possible, but without going to an extreme, for otherwise the 
beneficial effect of the pressure which the locking wheel exerts 
on the roller would be lost, and, further, the entire mechanism 
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would become too delicate. In watches of ordinary size the 
diameter of the roller should be about a sixth of the distance 
between two locking teeth ; but as wo increase the size of the 
escapement this proportion may be reduced. On the other 
hand it must be noticed that in small watches it is often found 
impossible to reduce it below a quarter of this interval. 

“ As a rule the roller notch is made too narrow ; that is to 
say a tooth can only pass with very little play ; this is a mistake 
because the teeth must be pitched very shallow in order to 
escape from the n(itch by a movement of 1.0° from the neutral 
point, and when they are in the least worn tliey will enter very 
easily.” 

PBOPOBTfOXS AND MlSCELLANEOrS DATA. 

522 . — These have been gathered from the works of authors 
other than those above quoted or from the best makers of this 
escapement on an extensive scale. 

Ratio between the two wheels ; 3 to 2 and 4 to 3. 

Ratio between the radius of the impulse wheel and the 
length of the iiiqmlse pallet ; 4 to 3, 5 to 3, etc. 

Size of roller as compared with diameter of locking wheel, 
one-sixteenth, one-twelfth, etc. (The twelfth is about equal to 
two-fifths of the distance between two teeth, the sixteenth is very 
nearly two-sevenths of this distance. ) 

Size of the roller as compared with the distance between 
two teeth, a quarter of their interval apart. 

Opening of the roller notch, 30° plus 10° as allowance for 
he rounding of the edges. 

The neutral point of the balance-spring corresponds to the 
niddle of the small lift. 

Lastly, P. Dubois states in one of his works that, according 
*o some watchmakers, the diameter of the roller should be one- 
wclfth of the interval between the points of two locking teeth, 
dhis is doubtless a printer’s error, for if of sucli dimensions 
le roller would bo no more than an ordinary pivot, which is 
•vidently out of the question. 

Table of the Proportions recommended by dilferent 

AuttaorM. 

52:J. — It will be well to arran<r(5 these various dimensions 
side by side to facilitate comparison. 
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Ratio of Diameter of Roller to distance between points of two teetli. 


Tavan 
Jurgensen . 
Moinet 
M. Wagner 
Cannery . 
M. Winnerl 
Experienced 
Men 


. . about ' 

• \ 

. rather over 

a 

■ ■ * J ) Maximum, f — minimum, -J. 

• • • "7 

between ^ and J 
Practical / or .? 


Length of Impulse Pallet. 

Jurgensen . — The quotient obtained by dividing' 9 by the 
number of teeth of tlie wheel ; taking the radius of this escape- 
wheel as unity. 

Moinet . — With a 15-tooth wheel take -g- of the distance 
between the centres of movement. 

M. Wagner . — With a 12-tooth wheel take 4 of the 
radius of the impulse wheel. 

Practice of the Factories. — ^ or i of the radius of the impulse 
wheel. 

Ratio of diameters of the two wheels. 


According to Jurgensen, Moinet, and M. Wagner — 

as 3 is to 2. 

„ „ good practical escapement-makers as 4 is to 3. 

[or as 7 is to 5. 

Pitch of Tooth in the Roller Notch. 


It should be such as to produce a lift of about 
50“ according to Tavan. 

Jurgensen. 






20 “ 

20“ to 30“ 

50“ 

30“ „ 5 , M. Winnerl. 

Position of the Impulse Tooth. 


jy 


M. Moinet. 
M. Wagnei'. 


Jurgensen and Moinet recommend that it be midway 
between two of the large teeth. Others place it somewhat to 
the right ; others again, a little to the left. 


Or.SKKVAl'lOXS ON THE AHOVE TaCLE. 


534. — It will be seen that authors and practical men are 
no more agreed as to the exact proportions that should be 
observed in this escapement than they were in the case of the 
verge and cylinder escapements. Thus with the diameter of 
the roller, as with the height of the incline of the cylinder 
escape-wheel tooth, some recommend just double the amount 
advocated by others, and the remaining dimensions are 

20 
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analogous. How can the practical watchmaker ever be expected 
to have clear and precise ideas on the- subject of the duplex 
escapement when he finds such disagreement among authorities 
who have made this particular subject a speciality? And yet 
many of these contradictions are only apparent. 

They are due to the fact that, not having any fixed theo- 
retical basis to stand upon, each author has put forward his own 
particular arrangement, when it has proved satisfactory, as a 
general and even invariable rule, whereas it is nothing more than 
one individual case, a mere empirical datum. 


CHAPTER II. 

PRI1VCIPI.E OF THE DIJPL.EX ESCAPESIEIVT. 

525. — With the duplex as with the cylinder escapement, 
uniformity of rate can only be secured by a judicious applica- 
tion of the principles laid down in the theory of escapements 
with frictional rest. 

In both the balance, that is a movable mass which alternately 
drives and is driven, is influenced by two forces : one acceler- 
ates its motion and the other retards it. To this double effect 
must further be added the action of the balance-spring. 

The ratio between the several forces that are thus combined 
should be such as to render the escapement as far as possible 
insensible to the thickening of oil and variations in the motive 
force ; at the same time securing a sufficient freedom of action 
to the balance-spring when these variations occur. 

With regard to the discussions which so often take place 
at the present day on the subject of large and small wheels, of 
thick or thin rollers, they are valueless, being founded on no 
sound theoretical basis. There is no such thing as either a 
large or a small wheel, a thick or a thin roller; there is only one 
size of balance and roller that is well suited to good working, 
and this can be experimentally determined. 

The point of supreme importance in a duplex escapement 
is the angle of lift. When this angle has been determined it is 
easy to ascertain the remaining elements, either graphically 
(548) or by calculation, or by experiments such as those already 
indicated in discussing the cylinder escapement. 

These points will be made perfectly clear by the following 
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articles providing the reader has clearly understood the 
theoretical considerations which precede; if he has not done 
so, however, he will experience some difficulty. 

Size of the Roller. 

526. — If two duplex watches be examined, which are 
identical in every particular except that the roller of one is very 
small while that of the other is somewhat large, it is at once 
evident that in the first the balance is more free and the arc of 
vibration is greater. This must clearly be the case, for the 
friction is of less amount, the lever by which the opposing 
force is applied is shorter, and the recoil is diminished in pro- 
portion to the reduction in width of the roller notch. 

This difference in the mode of action of the two escape- 
ments confirmed the opinion that the roller must be as small as 
possible, at the period at which long arcs of vibration were 
regarded as the universal panacea; no notice whatever was 
taken of the irregularities that time introduces in the rate (a 
subject indeed which is always much neglected) ; and such a 
proportion, that after all is no proportion for it fixes nothing 
definite, has for a long while misled watchmakers. 

527. — As the size of roller is one of several elements in the 
mechanical combination we are discussing, it must be deduced 
from the actual state of the machine taken as a whole ; that is 
from the absolute push which has to be neutralized by the pressure 
on the locking surface. The effect of this pressure will, of course, 
increase and decrease in proportion to the radius of the roller. 

In thin watches the impulse is of slight amount ; the radius 
of friction must then be reduced, and it is nearly always 
essential to have a small roller. 

The converse is the case with thick watches. 

This explains the unsatisfactory character of many duplex 
watches of Swiss manufacture. 

The watchmakers of that country were fond of employing 
this escapement in thin watches, and in such the motive force 
falls off as the oil thickens. With a view to neutralize this 
inconvenience they reduced the roller to a minimum, and the 
circumstances justified them in doing so. The fashion for thin 
watches went by, and they were made of much greater thick- 
ness ; but the manufacturers made the grave error of retaining 
in these watches the proportions that had stood them in good 
stead in those foi’merly required. Two I’esults followed: (1) a 
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deficiency in the correction produced during the rest ; (2) arcs 
of too great extent, for they often exceeded 600“ (566). 

Practical objections to a small Roller. 

528.— (1) It is more fragile, and must be constructed with 
extreme care. 

(2) Unless the balance is heavy the escapement is more ajtt 
to allow two teeth to jiass at the same time if a shake occurs 
and especially if the tvearer rides on horseback. As is well 
known, a heavy balance increases the risk of breakage of tlio 
staff and jjivots. 

( 3 ) The axis ])assiiig tlirough tlie roller becomes extremely 
thin and tliis renders the staff’ still more fragile when it is 
already too much so. And further, since the duplex must be 
rather thick and possess a considerable motive force, the staff is 
the more liable to bend in consequence of its thinness ; if this 
does not actually break the roller, the disturbance of the axis 
with a kind of vibratory movement interferes with the timing 
and is sure to loosen pieces of cement. 

(4) The slightest want of truth in the teeth of the wheels 
will affect the action ; and the difficulty of obtaining a duplex 
wheel that is divided with absolute accuracy is well known. 

(5) The notch is cut to a vciy slight depth for fear of 
cutting through the roller ; the most minute particle of 
extraneous matter in this notch, even a little oil that has 
thickened, is enough to impede the points of the teeth and so 
alter the rate. 

(6) The comers of the notch must be almost sharp. If at 
all rounded they will allow the tooth to escape too soon. 

(7) The pivots can only be allowed a very slight amount 
of play in the pivot-holes ; for a minute change in the relative 
positions of the mobiles will produce a considerable variation 
in the lift, etc. It is needless to point out that, with relatively 
too small holes, the thickening of oil will interfere with and 
modify the motion of the several parts. 

(8) Even estimating the pitch of the tooth in the notch 
at one-twelfth the diameter of the roller, although it is less, it 
follows that this amount of pitch with a roller whoso diameter 
is one-sixth of the distance between the points of two successive 
teeth will be less than a twenty-fourth part of the diameter of 
a roller of one-third, a quantity so minute that we may feel 
sure that some slight want of truth in the roller or an 
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imperceptible wear at the points, etc., will cause the escapement 
to fail in its action. 

(9) If, in order to avoid the inconvenience which thus 
results from too shallow a pitch, it be made deeper by bringing 
the mobiles nearer together, the risk of sotting is increased and 
the shallowness of the notch also occasions some difficulty. If 
a tooth pitch to the same actual depth in two rollers, that 
measure respectively two-sixths and one-sixth, this tooth will 
give a small lift in the latter case nearly a third as much again 
as that in the former case ; it follows, tlien, that the balance 
will traverse an arc of greater extent before the tooth is free. 

In short, when the roller is very small tlie action of the 
escapement must take place 7Dith a mathematical exactness that is 
extremely difficult to attain and which it is ahsoliitely impossible to 
guarantee. 

Experimental Data. 

529. — The watchmaker must always keep clearly in mind 
the fact that, in the great majority of cases, he will not obtain 
a satisfactory result by diminishing the roller beyond what is 
prudent but by modifying the other portions of the escapement. 

At the present day practical men, taught by long experience, 
are agreed in considering that the diameter of the roller should 
in no case bo reduced below two-eighths, that is one-fourth, the 
distance between the points of two teeth ; and even this amount 
they will only employ in the smaller callipers of watches. In 
the larger and thicker class they consider that the roller should 
be two-sixths or one-tiiird of that interval in order to avoid 
bending of the staff and vibration of the axis. English watches 
are to bo met with in which it is as mucli as two-fifths, but 
this is too great, for it must not be forgotten that, as the roller 
is increased, the locking action is less safe, since an arc of a 
circle approximates more and more to a straight lino as its 
radius of curvature becomes greater. 

The average diameter of the roller should bo intermediate 
between two-eighths and two-sixths, that is to say two-sevenths, 
or a very little in excess of this (fig. 17, plate V.). Such a size 
is suitable for most well-made French watches ; and we would 
here point out that the use of the duplex escapement, requiring 
as it does a considerable motive force and some thickness, 
should rather be confined to watches of medium size. The 
motive force is deficient in small thin ones, while in those 
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whicli ar-e large and thick, such as the English, the weight of 
the several parts and the great motive force make the untan- 
gential rest the more detrimental and occasion rapid wear of 
^e pivots. 

Great Eiift.— licnKth of Impulse Pallet. 

5 :) 0 . — It may be laid down as a general rule that the 
arrangement of every escapement must depend on the extent 
of the lift ; and this lifting angle is itself a consequence of ( 1 ) 
the intensity of the motive force and (2) the relative velocities 
of the several mobiles that act on one another. 

Experience has indicated tliat, in tljo majority of cases, a 
great lift of 30° (including the drop) is sufficient. When sucli an 
angle is found not to produce a movement of tlie balance of tlie re- 
quisite extent, tlie cause of the deficiency must be .souglit in either 
a weak mainspring or a faulty construction of tin' mechanism. 

If the motive force is not excessive, any increase in the 
lift will fall to increase the extent of motion of the balance 
altogether, or will only do so in a very slight degree. The 
force is merely resolved in a more oblique direction, and the 
only effect is a greater lateral pressure on the jiivots. 

531 . — The length of impulse pallet, with a given interval 
between the centres, cannot be arbitrarily chosen, but is a 
definite function of the size of the impulse wheel and the 
number of its teeth. Clearly it can be longer as the interval 
between two teeth is greater, a fact Avhich is indicated by 
fig. 22, plate V., where the pallet a c would be reduced io a b 
with thrice the number of teeth. 

It follows that the lift applied to the pallet will be greater 
as the number of teeth is reduced. 

Assuming the two centres of motion f and n (fig. 16, 
plate V.) to remain fixed, if the size of wheel be varied, its 
radius in the first case being f d, and in the second half of this 
amount or f o, the interval between the teeth will in this 
second case be half what it was at first, for the arc a d b is 
double the arc con (tlie letters a, b, n, c indicate the positions 
of the four teeth). Further, it will be observed that the two 
circles a x b, c z h, described by the extremities of the pallets, 
do not overlap the rim of the two wheels to the same extent, 
for the distance x d is at least four times as great as o z ; and 
the lifting angles differ in a similar manner. The lift with the 
shorter pallet is measured by the angle a n b and, with the 
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longer, it is represented by c n h, an angle which cwmot be 
increased owing to the danger of the teeth catching. 

633 * — This geometrical demonstration proves that : 

(1) We cannot directly increase the great lift at will, but it 
varies inversely with the length of the pallet, that is to say 
it increases as we diminish this length providing the small 
wheel is proportionately increased. 

(2) The more an impulse wheel is increased and an impulse 
pallet decreased, the deeper will be the pitch between the tooth 
and this pallet, and it will thus be the more safe ; whereas when 
the wheel is reduced and the pallet made longer the contrary is 
the case. 

Any watchmaker will at once see the inconveniences of 
such extremes ; and he will conclude that, between a very short 
lift, where the tooth little more than touches the pallet, and an 
excessive lift which compels the balance to traverse an arc of 
considerable extent before it can escape, the best proportion is 
at some intermediate point that must be ascertained by experi- 
ment. As a matter of fact, experience has shown that this 
point lies somewhere between a lift of 30“ and 4o“. The 
absolute lengtli of the impulse pallet cannot then bo fixed upon 
until the amount of lift, the number of teeth of the wheel and 
even the size of the wheel have been settled. For, if we retain 
the small lift the same w'hilc diminishing the roller and 
bringing the centres of movement pi’oportionately nearer 
together, the two impulse teeth j and h (fig. 12, plate V.) will 
be held at a rather greater distance from the lino of centres e b, 
the one h during the rest and the other j at the end of the 
small lift; this being the case it will become necessary to 
somewhat reduce the pallet in length. 

Anticipating what follows wo may state that when the 
great lift is about 35“, the wheel 15-toothed and the roller 
two-sevenths the interval between the points of two of the teeth, 
the length of pallet, measuring from the centre of the staff, is 
just over throe-eighths the radius of the locking wheel. 

ICatio between the diameters of the two wheels. 

533 .— It is a mistake to assert as an unvarying rule that 
the ratio 3 to 2 is better than 4 to 3 or conversely. 

The proportion for the locking wheel to bear to the impulse 
wheel cannot be decided upon a priori / it follows as a necessary 
Gonsecjuence of the amount of lift, for the diameter of the latter 
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wheel must gradually increase with an increase of the lifting 
angle. This is evident from an inspection of figures 1 and 3 of 
plate II. In fig. 3, where the lift is only 35“, the wheels are 
to each other as 3 is to 2. Whereas in fig. 1, with a lifting 
angle of 48°, the ratio is about 4 to 3. 

534. — The early watchmakers who studied the duplex 
escapement endeavoured to arrive at the true principle of its 
action by a line of argument somewhat as follows: — “The 
laws of Mechanics teach us that, in overcoming any resistance 
by means of a lever, the force available will become greater as 
we increase the length of the arm at the extremity of Avhich the 
power is applied. (See the articles on the Lever in the Intro- 
duction, page 22.) In other words, when two lever arms act in 
conjunction, the power is to the resistance in the inverse ratio 
of the lengths of those arms. 

“ Now, observing that the escapement pallet is no more than 
an arm (a resistance or inactive arm) on which the radius of 
the wheel acts as a power or active arm, it is evident, applying 
the above principle, that the pallet must be prolonged as much 
as possible, the impulse wheel being proportionately reduced 
in diameter; and thus, comparing it with tlie locking wheel, 
the difference between their two diameters must be as great as 
possible.” 

535. — This conclusion, like the one from which they 
sought to deduce the best size for the roller (526), is false, for 
the above reasoning ignores many important secondary condi- 
tions, and thus the complexity of the action with which the 
problem has to deal is left out of account. 

When studying the action of the several parts of an escape* 
ment, whether they be levers or inclined planes, we must care- 
fully guard against the error of considering them only at the 
instant the balance commences its motion, an imperceptible 
fraction of the total period of the vibration and so short that 
the velocities and momenta acquired during the interval are 
almost nothing. The escapement must, so to speak, be regarded 
when in the full performance of its several functions, that is, 
beatingits full number of vibrations per hour; 18,000 for example. 

536. — This being granted, consider a power lever, at first 
measuring 2, and subsequently reduced to 1, the contrary 
being the case with the resistance arm; when the active lever is 
reduced to half its initial length, the force exerted at its ex- 
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tremity will be doubled in intensity but this extremity will 
only traverse a space of half the amount. Hence the passive or 
resistance lever is, in the second case, only moved through half 
the space which it traverses in the same period in the first case 
(assuming that these periods are equal although this is not 
absolutely true) ; it follows that with the longer power arm the 
resistance lever is driven by a force 1 through a space 2, while 
with the short power ai'm the other moves under the influence 
of a force 2 through a space 1. 

As the impulse applied to the pallet is a product of the 
force acting on the wheel multiplied by its velocity, the 
resulting action is clearly the same in the two cases, and it 
ajjpears to follow, at first sight, that it is a matter of indifference 
whether we increase or decrease the relative lengths of the arms. 

537. — Tliis conclusion, however, although apparently legi- 
timate is far from the truth. The question wo have to consider 
is not a simple one but complex and before drawing any 
conclusions w'e must give duo weight to the three following 
important facts : 

Firstly, the angular velocity of the wheel as compared with 
that of the balance increases as we lengthen the pallet, the radius 
of the wheel being at the same time proportionately reduced.* 

Secondly, the period during which the tooth acts on the 
pallet becomes less as the radius of the wheel is diminished, the 
length of pallet being proportionately increased (533 — 1). 

Thirdly, the pitch or extent to wdiich the mobiles are 
engaged increases as the pallet is shortened and the radius of 
the wheel made greater (533 — 2). 

538. — From these observations the following consequences 
naturally follow : with a very long impidse pallet, and therefore 
a small impulse wheel, in addition to the danger of the 
escapement failing in its action, the tooth escapes from the 
pallet almost immediately after it has engaged with it. The 

* Demonstration . — Let the length of impulse pallet be b c (fig. 11, plate T.), and 
the radius of the wheel double this amount, or a c, the angle D b c being 40® ; while the 
balance traverses the angle d b c, the wheel will move through h a c. Since a c is the 
double of b c it follows that the angle h a c is half of d b c, that is, it is 20®. The 
balance will therefore move twice as fast as the wheel. 

If the radii of the pallet and wheel b m and a m are equal, the angle bam will, 
like A B II, be 40® and the wheel and balance will move with equal velocities. 

It will thus be seen that the rate at which the wheel moves continually increases 
and approximates to that of the balance when the wheel is diminished, the pallet 
being proportionately lengthened. 
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lift is reduced to little more than a rather prolonged drop. 
The force applied to the balance is almost nothing because 
the wheel travels quite as rapidly as it does, and the 
only effect of any excess of velocity in the wheel is to increase 
the force of impact on the locking surface; an impact that is 
the more detrimental from being accompanied by engaging 
friction. The retarding force (318) is in excess, and it is 
obvious that to increase the accelerating force at the expense of 
the otlier it is only necessary to shorten the pallet and 
proportionately increase the size of the wheel. It thus appears 
that to magnify tlie force of the impulse it will suffice to make 
the pallet shorter and shorter. Although this is the case it is 
only true between certain limits. When the pallet becomes very 
short and the impulse wheel large, the drop is very much 
deadened since tlie wheel travels slower than the balance ; but 
such an advantage is inconsiderable as compared with its 
accompanying disadvantages, for the diminished velocity of 
the wheel makes it simply follow after the pallet as it were 
without applying any efficient push and, besides this, a great 
part of the action of the wheel on the pallet takes place in a 
direction very oblique to the line of centres. It thus happens 
that the force is decomposed in such a manner that a 
considerable portion is detrimental to tlie action of the 
escapement, for it is utterly lost for the purpose of maintaining 
motion and only results in an increase of friction. (See the 
Introduction to the study of Escapements, articles on Lift, etc.) 

539. — We clearly see then that there must be some mean 
value, mainly dependent on the motive force, at which the 
advantages and inconveniences of the two extremes meet, 
where the accelerating and retarding forces balance, so that 
neither of them, by being in excess, is liable to interfere with 
the action of the regulator, and exercise any injurious effect 
on its timing qualities. 

As was the case with the height of incline in the cylinder 
escapement, this mean must be determined experimentally; it 
will be the point at which the oscillation is of the requisite 
amplitude, the lifting arc being as small as possible. 

By satisfying such a condition the following advantages 
are secured : 

(1) The pitch of the impulse tooth and pallet is such as to 
ensure their proper action ; 
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(2) The two remain in contact through an arc of about 
30", which is the great lift of the escapement, and experience 
goes to prove that such a great lift is sufficient with a duplex 
providing its thickness is well proportioned ( 97 ). 

(3) The action of the tooth takes place very approximately 
in the line of centres and perpendicular to that line ; this is an 
advantage ( 73 ). 

(4) As the motion of the wheel while impelling the balance 
is very nearly uniform, the drop is less violent than if the 
movement of the wlieel were accelerated in a manner similar 
to that of the balance. 

Experimental Data. 

540 . — It may be accepted then as a fairly general rule 
that, for watclies of sufficient thickness, the proportion 3 to 2 
is best. A lift of about 85 " is the result. 

As tlio extreme limit for the length of impulse pallet in 
such watches is fixed by a lift of 30”, it is clear from what 
precedes that with less motive force the lift must be a few 
degrees greater. The balance, naturally lighter, will, in con- 
sequence of its less mass, be set in motion more easily ; but 
since from this same reason it is less capable of continuing its 
motion (3:i3), the impulse to which it is due must be of longer 
duration or more frequent (325 and 326 ). This fact will be 
the more obvious when it is remembered tliat the duplex wheel 
is heavy and becomes more sluggish as the motive force is 
reduced ; its action at the commencement of the lift will thus 
become gradually less effectual. 

541 . — Hence in thin watches or such as have a weak 
motive force tlie great lift may be increased. If the diameter 
of the impulse wheel be increased to three-fourths that of the 
locking wheel, we obtain a lift of from 45” to oO"; but mth 
such a lifting angle, if the balance is at all small and heavy 
and the motive force deficient, the disadvantages of a short 
pallet soon become conspicuous; if, on the other hand, the 
balance is at all light and the motive force great, we ai’e met 
by the difficulty of vibrations too much extended and are thus 
no better off. 

To sum up, then, the less 40" of lift (inclusive of the drop) 
is exceeded as a means of fixing the dimensions of the impulse 
wheel the better, except of course where it is impossible to 
avoid going beyond it. 
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Position of tlie Impulse Tooth. 

542 . — The position occupied by an impulse tooth between 
two locking teeth cannot be fixed upon arbitrarily; it must 
always be set midway between those two teeth. 

For during the dumb vibration the pallet passes near the 
right-hand impulse tooth h (fig. 12, plate V.) whereas on the 
return of the balance, in the following vibration, it grazes past 
the left-hand tooth ;; but this only occurs at the end of the lift, 
when the locking tooth, having traversed the arc a c, is on the 
point of escaping from the roller notch. 

As the impulse toothy' will traverse the arc ; « while the 
locking tooth moves tlirough a c, it is evident that, if we con- 
sider the point of tlie tooth o to be arrested in the middle of the 
lift, it will rest on the line of centres E B and the pallet will 
pass at equal distances from h andy. 

The interval o h must equal oj; but oj is the same as ^ 
if the wheel is accurately divided as it should be. Thus the 
point A is shown to be midway between the lines o a and d k, 

Small liift.— Pitch of the fjocking Tooth in the Roller 

IVoteh. 

543 . — In addition to committing themselves to many 
other contradictions, numerous authors and practical men fix 
the pitcliing of the locking wheel in the notch at one-sixth the 
diameter of the roller, notwithstanding that they vary the small 
lift in the proportion of 1 to 2. It is impossible to reconcile 
such practices, for every increase in the small lift must 
necessarily correspond to a more near approach of the point of 
the tooth to the centre of the roller, and vice versa. It is incon- 
venient to exjircss this depth as a fraction of the diameter of 
the roller, for its amount depends on the lift, the width of notch 
and the rounding of its edges. 

When the small lift is 30" the pitch is something less than 
a sixth, an amount which seems so minute, especially in the 
smaller class of watches, that one would fear lest the locking 
tooth should fail in its action if we were not aware that this 
is not the point in which the duplex usually goes wrong. 

Those who recommend a small lift of 50" as a datum 
for fixing this depth have overlooked the fact that the rounding 
of the edges, often very marked, causes a loss of some degrees 
in the lift, and that to attain to the requisite amount the mobiles 
must always be rather closer together than the drawings 
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indicate. As a matter of fact, in practice the tooth always 
pitches in the notch to a depth slightly greater than that 
indicated in most drawings of escapements. 

As experience has proved a small lift of 30'’ (as a maximum) 
sufficient to ensure the proper performance of the locking action, 
it is useless to exceed this amount, for by doing so we should 
only increase the risk of setting ( 528 — 9 ). 

The Kollcr Notch. 

5 - 14 . — The notch must be of such a width as to allow of the 
free action of the tooth during the performance of an entire small 
lift. In every position of this tooth during its passage a slight 
amount of freedom is essential. It is impossible to accurately 
define the best size for the notch as it must depend on the 
pitch, form and thickness of the teeth ; the two latter data vary 
with different wheels as may be thought necessary in accordance 
with the metal employed, whether it be brass, steel or English 
metal ; the teeth being made thicker or thinner at their points 
as the metal is more or less liable to distortion, wear, or flexure. 

The edges or lips of the notch must only be very slightly 
rounded and, like the surface of the roller, must be highly 
polished. 

Some authors assert that the notch should measure 30'’ and 
the rounding of the lips 10", and at the same time they prescribe 
a small lift of 20". Others think this to be a mistake, since 
the angle of the opening (c d, fig. 15, jdate V.) is greater than 
the angle of lift, a n, and therefore, they say, the tooth will 
pass by the notch without toxxching the roller. 

In the artiede which treats of the designing of a dujdex 
escapement (548) the method to bo adopted in determining the 
width and size of the notch wdll be explained. 

On tbe First or Impulse Drop. 

545 . — The extent of the drop which occurs between the 
small and great lift should be, according to some authors and 
practical men, 4"; according to others, 10" or more than double 
the previous amount. The first class, being aware of the dis- 
advantages involved in extensive drops, are doubtless anxious 
to limit their amount as much as possible. But this is quite 
different to the ordinary case, for it must be remembered that 
when the drop is 4" the pitch of the pallet with the impulse 
teeth is very shallow; its engagement is therefore uncertain and 
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occurs to a great extent at the comer of the pallet, being 
accompanied by engaging friction. 

A drop of 10° materially reduces these two faults and causes 
the action to take place more nearly in the lino of centres and 
perpendicular to that line; these are important advantages 
which more than compensate for tlie drop having somewhat 
greater energy, a comparatively unimportant fault. 

We are here discussing the case of a watch beating 18,000 
vibrations per hour and of the form usually adopted at the present 
day, for, as has been already explained, the drop must vary with 
the weight of the wheel, the motive foi'ce and the number of 
vibrations. 

Some practical men arrange that the tooth and pallet only 
come in contact on reaching the line of centres and they assert 
that there is no inconvenience experienced on doing so ; but in 
such a case the severity of the impact must occasion a consider- 
able shake and the great lift is reduced to nearly one half. 

Riksvim^. 

546 . — The great majority of modem duplex watches that 
have a good rate are proportioned as follows : 

Size of roller: — two-sevenths the distance between two 
points of teeth. 

Great lift: — between 30° and 35°. 

Small ,, „ 20° and 30°. 

It has been already shown that a great lift of 30° or 35° fixes 
the diameter of the impulse wheel at two-thirds that of the 
locking wheel or slightly more. 

Drop between the two lifts: — 10°. 

Width of the notch : — enough to permit of the passage of 
the tooth or rather a little more. 

Length of impulse pallet measured from the centre of 
balance-staff : — ^just over three-eighths the radius of the locking 
wheel. 

It is better that the pallet be at first rather longer than the 
amount here indicated, whether it be made entirely of steel or 
provided with a brass facing to serve as a model to the lapidary; 
it can be shortened as necessary and the escapement verified in 
position on the depthing tool. 

Remarks. 

647 . — The above dimensions are suitable for French 
watches of sufficient thickness and of gentleman’s size. They 
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can also be adopted in large thick watches providing the size of 
the roller is increased progressively to about one-third of the 
interval between two teeth. 

In watches with a weak motive force and a consequently 
light balance (thin watchesfor example), the roller maybe reduced 
to a quarter of this interval and the diameter of the impulse 
wheel made three-quarters instead of two-thirds that of the resting 
wheel; that is, it will increase according as the great lift is 
desired to approximate to 45® or 50". At the same time it is best 
not to use tliis form of escapement in watches of such dimensions. 

Two circumstances will enable us to ascertain whether the 
several parts are properly harmonized : the timing and the rate 
maintained when varying motive forces are ajjplied. 

TO DESIGN A DUPLEX ESCAPEMENT. 

648 . — The following method should be adopted in draw- 
ing a duplex escapement, the principal dimensions of which we 
will assume are as follows: wheel 10 mm. (O' 394 ins.) in diameter 
and provided with 15 teeth; — diameter of roller two-sevenths; — 
great lift, including drop, 35® ; small lift, 30®. 

The known diameter of the wheel is multiplied by 20, 
30 or 40, etc., and the drawing will then be such that any 
dimension of the actual escapement can be deduced by dividing 
by one of these figures. 

Multiplying the diameter, 10 mm., by 30 we obtain 30 
centimetres (11 '811 ins.) as the diameter of the wheel, and 
15 cm. (5‘905 ins.) as its radius. 

On a sheet of good drawing paper fixed on a board draw 
the line of centres a b o (fig. 3, plate II.). 

With the centre A and a radius of 15 cm. (5'905 ins.) 
describe the circular arc E K ii l which gives the size of the wheel. 

As the entire circumference measures 360°, by dividing this 
amount by 15 we shall obtain the interval between two teeth (24®). 

By the aid of a protractor or by one of the more accurate 
methods subsequently described, measure off the angle K A ir, 
of 24°, such that the line of centres divides it into two equal 
parts ; the angle k a b is thus equal to b a h. 

The interval between the points of two successive teeth 
K II must be divided (by a compass or protractor) into 6, 7 or 
8 equal parts according as the roller is required to measure 
one-third, two-sevenths or one quarter. In the present case 
7 divisions are taken, since the roller is to measure two-sevenths. 
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Describe on a small piece of cardboard a circle with a radius 
equal to one of these divisions ; it will thus represent the roller. 
Mark o£E an angle, a b oi 30® on the circle (by mistake made 
40® in the annexed fig. 39), and bisect it by the line x z. Now 
cut out this roller and lay it on fig. 3 (plate II.) between B and o. 


Fig. 30. 

Slide it gradually down from q towards B (taking care that 
the line x z coincides accurately with a a) until the two extreme 
points a and c of the angle ahe (fig. 39) meet the circumference 
of the wheel (e k h l). When in tliis position mark with 
a compass point the centre of the roller b b, and the two points 
d and c immediately under the points a and c of the cardboard 
disc ; this disc may now be removed as useless. 

With the centre b (fig. 3, plate II.) describe a circle to repre- 
sent the roller and draw the lines B c? z, b c x. If the drawing 
has been made with care, the angle z b x will equal 30®, and the 
circumference of the roller, as well as the two lines B z, b x, will 
cut the circumference of the wheel at the same points d, c.* 

The rounding of the lips measures about 5“ on either side ; 
if 5", then, be marked off to the riglit and left of z n x wo shall 
have the angle marked 40“ in the figure. Its left-hand bound- 
ing line indicates the right-hand side of the notch, the rounding 
of which extends to the line b z. 

By drawing the lines a c, a d from the centre of the wheel 

® Most designers of escapements adopt a different plan 1o ascertain the position 
occupied by the centre of the roller. Having drawn a straight line whose length 
is equal to the interval between two teeth (fig. 39), they divide it into six, seven, 
or eight equal parts, one of which is further subdivided into six equal parts ; as the 
tooth is assumed to be pitched in the roller to the extent of one-sixth of its radius, five 
of these subdivisions represent the distance between the line d c and B (fig. 3, 
plate II.), or the centre of the roller. Besides the difficulty experienced in accurately 
dividing the scale, this method is objectionable since it gives an invariable small lift 
which can never be made less than 50®. 
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to tlic points c and d we obtain the angle d Ac, and this gives a 
measure of the space through which the escape-wheel moves 
during the entire small lift. 

The roller notch occupies a space of about 20® in the draw- 
ing; a glance will suffice to show that this is more than is 
required to ensure safety of action, even although the centres of 
motion bo brought slightly nearer to each other. The amount 
of tlic o})cning sliould not reach 30® exccjit in the case of escape- 
ments in which the small lift is more than 50®. 

We thus now know : 

Tlie two planting jminls or centres of rotation of the wheel 
and roller, — the size of resting wheel, — size of roller and width 
of its notch, — the angular measure of the small lift or the dis- 
placement of the roller, — the angular path traversed by the 
wheel during an entire small lift. 

So there still remain to bo determined : 

The angle (jf great lift, — the length and position of impulse 
pallet, — the size of impulse wheel and position of its teeth, — 
the positions of the resting teeth. 

Since d is the point at which rest occurs on the roller, the line 
d A will fix the position of the tooth dj. Draw the two linos A e and 
A L inclined at angles of 24® tm either side of kj d. As this amount 
is the interval between two consecutive teeth, the resting teeth will 
lie on the linos a e, kj d, A L, and they can be drawn in afterwards. 

The impulse tooth must be midway between the points of 
each 2 )air of resting teeth, so draw the lines k/,kg, equally sub- 
dividing the angles e a (/, cf a l. They will subsequently enable 
us to ascertain the iiosltions of the two impulse teeth, since they 
must always be placed on these division linos. 

From the centre of the roller draw the lines vm,iin inclined 
to each other at an angle of 35® (the great lift) which is bisected 
by the line of centres ; the angle A b m thus measures 17'5®. 

The jjoint v, where the lines B ??, A g, cross, indicates : (1) 
the jiositiou of the impulse tooth ; (2) the length of the pallet ; 
(3) the size of the small or impulse wheel. 

From the centre of the roller and with the radius n v 
describe the circumference q p v traced out by the pallet. With 
the centre a and radius a v draw the circle e s v t representing 
the size of the impulse wheel. 

The resting teeth, e, d /, l, can now be inked in, as also 
the smaller teeth b and v. 


21 
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Measure off on the rim of the wheel the distance that is 
the interval between the two lines c k. This distance is set 
off at R s and v t, and thus gives the space through wliich the 
impulse teeth are moved forward during tlie small lift. For the 
wheel advances by this amount and the teeth will therefore be, 
at its termination, at s and t, as shown in dotted lines. 

The point r, or the position of the ])allct at the termination 
of a small lift, is obtained by measuring off an arc s r of 10® to re- 
present the drop; then from p set off the arc r q equal to s z, that 
is, the small lifting arc, and the point Q, thus determined, gives 
the position of the ])al]et at the eonnnencement of a small lift. (By 
an error of the engraver this point is placed too niucli to the left.) 

The several proportions of the escapement have now Ijccn 
secured. 

If we consider the escapement tt) be in action, it is evident 
that, while the rest is occurring at the ])oint d, the dumb vibration 
is taking place and the pallet will just pass by the tooth v with- 
out contact; in returning, the pallet will be in the position Q 
when the small lift (of 30") commences, and during this lift will 
traverse the arc Q P, also equal to 80". 

During the latter movement the pallet will travel quicker 
than the tooth r and will thus jjass in front of it with a slight 
freedom ; the tooth will not reach s until the pallet is at p. 

The point of the resting tooth in contact with the roller 
being now at c will escape from the notch, and the impulse tooth 
s will, after a drop of 10", fall on the impulse pallet in the position 
shown by the dotted line p/, and, impelling it through the entire 
arc p V, will produce the great lift which is immediately followed 
by the resting of the tooth e against the roller. 

llemarks. 

The great lift, occupying 85® in the drawing, is in reality 
only about 20" or 22", since the 10®, s b p, are required for the 
•drop, and from 8° to 5° arc lost through the rounding of the corner 
Q of the pallet. If it be required that the tooth should impel the 
pallet through an arc of 80®, we must add to this amount 1 0" 
on accoimt of the drop and a few degrees for the rounding of 
the comer q ; the angle m b w will thus become 40® or 45®. 

The drop however, in this case, docs not quite amount to 10®: 
the rounding of the corner of the notch somewhat reduces it. But 
we have neglected this slight difference in order to avoid confusion. 

It will of course be evident that the drawing cannot indicate 
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the plays and freedoms with any certainty. Such microscopic 
quantities can only he accurately ascertained when verifying the 
-escapement on the depthing-tool. 

CHAPTER III. 

fl*UACTIOAIi DETAILS OF COIVSTRECTTIOIV. 

To Trace out the Calliper of the Escapement. 

549 .— This is merely an abridgment of the method 
explained in tlio preceding article. 

If the escapc-wlieol is already completely made it will be 
useless to trace out the calli])er of the escapement. The roller 
and impulse pallet ar() made in accordance with the dimensions 
of this wheel and corrected, if necessary, after the verification 
on the depthing-tool. 

AVe will (jonsider the case in which nothing is known but 
the distance apart of tlie two centres of movement and the 
number of teeth of the wheel. 

Take two points on the surface of a smooth sheet of brass to 
indicate tlie centres of the wheel and roller respectively. Join 
them by a fine line, the line of centres (« b, fig. 14, plate V.). 

If we assume the wheel to have lo teeth, their interval ajiart 
Avill be 24" (24 X 15 = 300). From the centre of the wlicel 
(a, fig. 14) draw two lines inclined at an angle of 12” on cither 
side of the line of centres, thus enclosing a total angle of 24”. 

Fi’om the centre of the roller, b, also draw two lines enclosing 
an angle equal to the great lift (inclusive of the ib'op and the 
interval of safety), that is 35", which must be accurately bisected 
by the line of centres. 

From the centre a draw the arc d d' just beyond the points of 
intersection of the four lines drawn as above directed ; this 
circumference gives the diameter of the impulse wheel. 

The drawing can now be made on a larger scale on paper or 
cardboard, and, since the diameter of the roller is determined 
by the interval between the resting teeth, which interval is 
given by the two linos inclined at an angle of 24”, it will be 
easy, by trial, to soon find out the requisite size of roller and 
the length of resting teeth. These data having been ascertained, 
they are incorporated in the smaller drawing, which thus 
becomes a complete calliper of the escapement. 
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Bemarks. 

The protractor of a mathematical instrument box is very un- 
satisfactory as a means of ascertaining these angles accurately ; a 
better means is to emplo}' the divisions of a wheel-cutting engine. 

It will be as well to make the resting wheel rather larger 
than necessary, and, after vciification in the dopthing-tool, this- 
excess can be removed when trueing the wheel (553). 

Details coiiccrnini; the Duplex IVhcel. 

550. — The wheel may be made cither of steel or brass. 
A steel wheel, owing to its gi*catcr rigidity, can be more easilj' 
made true, but it is objectionable from the fact that the friction 
of steel against rubies (other than the Oriental) causes the- 
formation of an oxide when the oil is at all dry or dcc.omposed ; 
this oxide, under the pressure of such harsh engaging friction 
as that which occurs during the rest in this escaj^ement, is 
detrimental not only to the points of the teeth but even to the 
ruby roller, and this loses its polish and sometimes even 
becomes pitted, an accident wliicli is not uncommon in 
English watches where the motive force is excessive. 

Although such a disadvantage is not possessed by a brass 
wheel it has another almost as serious, namely tlie difficulty 
experienced in cutting it. Brass is always distorted by a kind 
of molecular change set uj^ by the im])acts and pressures that 
are unavoidable in cutting a wheel. Hence it is exceedingly 
difficult to form accm’ately teeth that arc so fine as those of th(> 
resting wheel. 

The best wheels that have boon made up to tlie j)rcsent 
were made in England ; they are bcautifull^ffinishcd; the methods 
and tools, however, emjdoyed in their construction are kept 
secret by the workmen in whose possession they are. I^hc metal 
of which they are fonned is an alloy resembling well hammered 
brass, but better able to resist distortion when the wheel is being 
cut. It is known in France as English brass {laiton anglais). 

The resting teeth should be thin and tapered (91) and they 
may be cut either with the front face radial or may be star-like. 
Some makers incline them a little backwards or else make a 
short inclined plane on the front side of the point, which rubs 
against the roller. Such a precaution reduces the recoil of the 
wheel when the motion of the balance is reversed, but there ia 
danger of a butting action occasioned by the bending of the staff. 
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The impulse teeth should be triangular prisms with their 
ifaces inclined forwards as seen in fig. 3, plate II. In fact 
they should resemble the teeth of what is known as a ratchet 
wheel. 

The face should be inclined at an angle of about 17® to the 
radius, r a, of tlie wlioel. 

There is found to be a practical advantage in making this 
inclination such that, when the tooth engages with the pallet 
'(r' 2 ", fig. 1, plate IL),the two faces in contact are approximately 
parallel. Such an arrangement in no way interferes with the 
timing and is conducive to the preservation of the surfaces, for 
when the impulse teeth are too much inclined they are found 
to wear at the points. 

The practice, much in vogue in hingland, of employing, 
in most forms of escapement, small escape-wheels and heavy 
balances that are somewhat large and perform long vibrations, 
is less suited to the cylinder and duplex than to other escape- 
ments. In the first a small wheel involves a too small cylinder, 
and the inconveniences of this have already been indicated. In 
the duplex the wheel had better be too large than too small. 
The friction of the rest will be less severe and the proper action 
■of the pallet will be more assured, owing to the interval between 
the im])ulsc teeth being greater. 

In factories the size or rather the radius of the wheel is de- 
termined by the fourth wheel of the train, an interval of safety 
being allowed between the points of the resting teeth and the 
fourth wheel j)inion. 

Such an om])irieal rule is, as we have already observed, 
useless, and we would refer the reader to article JI99 ; the slight 
restriction mentioned in the last paragraph must however be 
taken into account. 

The duplex wheel has considerable weight owing to its 
peculiar fonu and double set of teeth ; it is well, therefore, to 
make it work between endstoues, as then the friction is reduced 
.and loss delay occurs in the commencement of its motion. 

When the wheel is of steel it is a matter of indifference 
whether it be hardened or not. 

The surface of the roller and the notch should be liberally 
?supplied with oil, and a little must also be placed on the points 
of the resting teeth. The pallet and impulse teeth also, when 
they are of steel, require oil. It is necessary with a ruby pallet 
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aud steel wheel, but need not be applied with a brass wheel and 
ruby pallet ; some watchmakers maintain, however, that even, 
in this case the application of oil is beneficial. 

A wheel made of English brass acting in conjunction witli 
a simple steel pallet preserves its surface veiy well without using 
oil. Indeed we have noticed cases in which its presence has- 
actually caused the pallet to lose its polish with some rapidity. 

To make a (Inj)Iex wiieel. 

551 . — If not provided with a special tool a workman will 
require a well-made wheel-cutting engine, accurately finished 
in all its parts, in order to make a diqjlex wheel ; for Ave would 
again point out that such a wlicel offers real difficulties of 
construction, and a Avatchmakcr who is not skilled in this kind 
of work will experience some difficulty at first. 

Makers of escapements on a large sc^ale have a special series 
of tools applicable to any particular form of wheel, etc.; but it 
is not so much peculiar methods of procedure as their prolonged 
practice in the making of one particular thing that gives tliem 
their superiority. It Avill of course be useless for us to do more 
than describe the methods to bo adopted Avhen cini)lo) ing the 
tools that every watchmaker may be supposed to possess. 

The steel of which it is intended to form a wheel must be 
l)repared as already indicated for the cylinder escape- Avheel ( 484 )- 

Wlien it is formed of brass, this metal must be of the very 
best quality and its thickness must be reduced by careful 
hammering to but little more than that of the finished wheel. 
AVhethor it be of steel or brass it is essential that the turning bo 
accomplished by means of sharp cutters, so as to avoid all 
necessity of applying an excessive pressure. 

On a smooth plate of brass a circle is draA\m giving the total 
size of the resting wheel, and within this tAvo others, that 
indicate the size and Avidth of the rim of the impulse wheel 
(c, fig. 14, plate V.). 

When the wheel has been turned doAvn to the correct 
diameter and the two faces are parallel, the flange for forming 
the resting teeth is cut and the interior hollowed out in a small 
lathe with a slide-rest or, in its absence, in ordinary turns- 
employing hooked gravers ( 484 ). 

Any watchmaker will easily see by mere inspection what 
should be the height of the impulse teeth and thickness of the- 
Avheel ; this must be light but at the same time rigid. 
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Having turned the wheel up true and of the right size and 
thickness, set out three arms and smoothed both faces, it is 
firmly fixed by shellac or otherwise to the table of the wheel- 
cutting engine. Thi.s table usually carries at its centre a 
perfectly true rod which the hole in the middle of the wheel fits 
easily but without play. 

The cutter employed must not remove the entire mass of 
metal between two teeth at once; it would be utterly impossible 
to cut the teeth true by such means. Its thickness should be 
rather more than onc-tliird the interval between two teeth, and 
the metal must be removed by tlrrcc operations, thus rendering 
necessary three complete rotations of the table in cutting the 
resting teeth and the same number to form the imj^ulso teeth. 

It is well to first form the inclined faces of the great teeth, 
and this inclination is obtained by setting the cutter somewhat 
to one side (fig. 19, plate V.). AVhen this first turn of the table 
is completed, the cutter is brought opposite to the centre of the 
wheel and by an adjusting screw it is set as indicated in fig. 20 ; 
the middle portion of the space is thus cleared. When this 
series is complete, the wheel is again moved so that it takes up 
the position shown in fig. 21, and the matter contiguous to the 
straight faces of the teeth is removed. 

The two faces of the impulse toetli arc then formed in a 
similar manner. 

After the wheel has been taken from the table, all burrs pro- 
duced by the caitter are removed, the corners ai'e rounded and 
the points of the resting teeth and faces of impulse teeth are 
j)olished with care. 

The corners of the small teeth must be sharply defined 
although delicately rounded. The same is the case with the ex- 
tremities of the resting teeth which should be thin but not sharp. 
These latter are slightly rounded on their sides. 

Escapement-makers remove the mai'ks of the cutter by 
polishing (with a lap charged with rouge) the faces of the teeth 
and the rim of tlic wheel between them in a special tool, the 
supporting platform of which has a circular oscillating motion 
dependent on the length of a space. 

When such a tool is not accessible this operation can be 
done by hand, as it only requires care and a light touch. 

553. — Remarks. — 15-tooth wheel can be cut by using 
the 90 ring of the divided plate, taking every sixth division 



328 


DUPLEX ESCAPEMENT. — ^PRACTICAL DETAILS. 


round the circumference and then passing over one division after 
each complete rotation of the plate. When, after the third turn, 
the cutter has reached the faces of the resting teeth, it will he 
only necessary to set the index in the third point in advance to 
cut the front straight faces of the impulse teeth, that is to say 
these faces will be exactly midway between the straight faces 
of the resting teeth. 

The teeth are cut witli a single rotating cutter or a j)lain 
circular cutter which is only rouglied on its edge, tlic two faces 
being slightly dished, but tlie corners must be sliarp. Very 
little metal must be removed at a time. Tlio single cutter is 
only capable of making a clean cut when the tool is very firm 
and the velocity of rotation considerable. Such an aj)])liancc 
as that represented in fig. 18, ])late V., is often used; it partly 
resembles both forms of cutter and should he verj' hard and 
polished on the sloping faces. 

Or wo may adopt the method recommended for the cutting 
of detent escape-wheels. 

Wliatever tool be used it must be first te.stcd on a trial 
wheel ; at the same time the several positions to be o(!cupied by 
the cutter can be ascertained. In order to bo able to restore it 
to these positions when necessary, they should be rec^orded by 
notches made with the cutter itself in a brass rule which fits 
between the two fixed centres that carry the arbor and cutter. 

When not formed of steel the ivheol may be strengthened 
by a supporting brass disc. 

To make tlie cscape-wlieel true and to remove burrs. 

553. — These two operations require to be performed with 
extreme delicacy when teeth are so long and far ajiart as those 
of a duplex wheel. The practice of topjiing the wheel or re- 
moving the burrs by simply holding a fine flat file on the rest 
of the ordinary turns, which is adopted by many watchmakers, 
nearly always results in a distortion of the wheel and there is 
some danger of straining the teetli. 

The following is a good method of performing the operation. 

The wheel, placed on an arbor, is supported between two 
centres of the depthing tool ; the axis of those is at a, fig. 23, 
plate V. 

The disc d c f, provided with a shoulder, is put om one of 
the other pair of centres (bj opposite to the wheel. It carries 
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a small ruby file or a very hard oilstone cemented in the position 
d e, and the whole is maintained firm by the clamping screw/. 

Rotating the wheel by a very light hair bow, the adjusting 
screw of the tool is moved until the teeth just touch the surface 
of tlie stone. The depthing tool is now laid on its side on the 
bench so that it is supported by the edge of its base and the 
heads of the two thumbscrews, and one hand works the bow while 
two fingers of tlie other liglitly j^ross upon the uppermost 
branch of the tool : this slight force is sufficient to make the 
stone act on the points of the teeth. Should it have failed to 
touch some of the teeth they must be again brought into contact 
by the screw and the operation repeated with the greatest 
possible care. 

The burrs can also be removed on the ordinary finishing 
turns if the rest be rejdaced by a special support carrying a 
small adjustable frame that can be inclined as required by 
lucans of a luicromcter screw. The frame carries a very fine 
flat file which can be safely brought, by the screw, in contact 
with the points of the teeth. 

The thread of the screw should be tight-fitting and of very 
.slight pitch. 

The tool used in equalizing the teeth of a verge wheel may 
be employed for making those of a duplex Avhccl true. The 
curved piece is replaced by a straight arm, and against this each 
impulse tooth is supported in turn ; a cutter is then brought 
against each resting tooth, and by this means the entire wheel 
will be equalized. 

To make a IIalance>Sitafr. 

554. — The construction of the balance-staff presents no 
difficulty and is similar to that of the seconds wheel pivot (567). 

Pivots and Pivot Holes. 

555. — It is extremely important that the pivots of a duplex 
■escapement all work in jewelled holes (Oriental rubies or 
sapphires) so that the positions of the several mobiles may 
remain invariable ; the inside of the holes must be very highly 
polished ; for, since the pressure is considerable, the pivots are 
•driven with some force against the sides of their holes, and any 
roughness in these latter will occasion a more rapid -wear. 

With the same object in view the oil-cujDS of these jewels 
should be deep rather than wide, the space between the jewel 
and endstone almost imperceptible, and the surface of the stone 
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rounded in tallow-drop form. In short, everything' should bo 
done that experience has shown to be conducive to the keeping 
of oil between rubbing surfaces (81). 

Special care must be taken to ensure that the pivots arc 
hard, highly polished and peidcctly round. As tlic staff in a 
duplex escapement is requu'cd to carry a balance heavier than 
that employed in a cylinder watch, it is advisable to make the 
pivots of the form indicated at a a, fig. 40, so that they may be 
fine and yet strong ; they should be rather long in order that 
the oil may not be drawn towai-d the body of the axis. 


A : ! j I u 


FIl'. 40. 

The majority of the pivots of this form that arc to DC mot 
with in watches arc badly made, often too short and, -with few 
exceptions, too much coned or of a doubly conical shape. 
Hence it follows that, if the watch is inverted, the escapement 
is no longer under the same conditions (as to friction) as before. 

That portion of the pivot which works in the jewel faj 
should be truly cylindrical. 

We shall refer again to this subject when considering Pivots 
in connection with the Lever Escapement and will, therefore, 
only observe that a truly conical pivot {b, fig, 40), known also 
as an English pivot, is very useful in facilitating the timing in 
position, but rarely applicable to French movements. This is 
owing to the fact that the thinness of the great majority of these 
latter renders it unsafe to only leave a very slight endshakc, as 
is done in England, and is necessary with such conical pivots. 

The play of the pivots should amount to one-tenth of the 
diameter of the holes. The difference between this amount and 
that recommended for cylinder pivots ( 415 ) will doubtless be 
noted. This is only reasonable but it can easily be explained ; 
the inter-dei)endence of the several parts or, in other words, the 
pitch, is so very slight that the least change in the centres of 
movement has its effect in altering the rate of a duplex escape- 
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niciit. Besides this, the balance is somewhat heavy and, since 
the impulse is communicated to it under very satisfactory con- 
ditions, the gradual thickening of the oil has much less influence 
than in the case of the horizontal escapement. It is tlius 
evident why the play of tlic pivots of a duplex should be 
reduced as much as possible. 

Practical Details on tlie Balance>Sprin{;. 

556. — One reason for the excellent i*ato obtainable with 
this class of niov('mcnt is the action of the balancc-.spriDg, an 
action which continues for a longer period and is less constrained 
than in a cylinder watch. 

Moinet observes in his Traitc (Vliorlogerie : The duplex 
escapement admits the use of both an isoclu'onal balance-spring 
and a compensated balance.” 

It is unquestionably true that these two correcting influences 
can be a])plied to it; but they add so little to its uniformity and 
so very materially increase the cost and difliculty of timing, 
which can then only be j>roperly done by the skilled hand of a 
chronometer springer, that wo are compelled to regard them as 
useless and even harmful, so seldom is it that they satisfy our 
reasonable expectations. 

Wo have met with many duplex watches that possessed an 
excellent rate, even though only provided with the ordinary 
balance. 

As a general rule, escapements in which a sort of natural 
compensation exists between the several frictions should not be 
supplied with a balancc-sjrring of too great length. There is 
one definite length to be found by experiment, that is moi’e 
satisfactory than any other (340, 350). 

A spi'ing of about ten coils is usually best ; for it is to be 
observed that, although a very long spring may have been 
nccessaiy with the extended arcs of vibration h)rmerly in favour, 
it is no longer so at the present day. At the same time this 
length of spring must only bo regarded as a rough a}) 2 )roximation 
to the exact amount, for by a mere change in the position of 
the external point of attachment the number of coils may be 
varied without altering the actual length of the spring employed. 

It is very important that the spi’ing possess uniform 
strength throughout, that its coils be equidistant, and that the" 
internal extremity have a gradual bend towards the collet 
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without any sharp angle, so that it may open and close regularly. 
Careful study and practice can alone convince the workman 
how much this curvature influences the prolonged uniformity of 
movement of the spring. The more a balance-spring fails to 
conform to the above conditions the less life will it have ; and 
the rate of tlietimekecjicr will bo, in proportion, leas satisfactory. 

557. — Watchmakers are not agreed as to the best position 
to adopt for the neutral point of the spring. 

The majority place it so that when the mainspring is let 
down the roller notch is exactly opposite the centre of the 
wheel. The balance is thus required to move to the same 
distance on either side in order to admit of the entrance and 
exit of the tootli. 

Some prefer that the neutral point come midway between 
the two lifts, so that the roller is held in the position it occu])ics 
at the conclusion of the small lift. 

Finally the escapement has sometimes been set so that, when 
at rest, a resting tooth is on the point of entering the roller notch. 
One would think, however, that such a practice should only be 
resorted to when the motive force is very great. 

Each watchmaker must decide for himself as to which ot 
these arrangements is best suited to the (!scapement he constructs 
or repairs. (See the articles on the Baiancc-S[n'ing in the third part 
of this work.) 

Practical Details on tlic Balance. 

558. — The duplex escapement requires a balance that is 
rather larger and heavier than that employed with the cylindtn-, 
for with the former the lifting action takes place under far more 
favourable cii'cumstances and is more energetic ; besides which 
this escapement has only been found to give its best results when 
the motive force is somewhat great. 

As we have just seen, a compensation balance is not essen- 
tial to this form of escapement. 

With a light balance the watch can never possess a uniform 
rate ; when too heavy it involves the application of an excessive 
motive force, besides increasing the flexure and vibration of its 
staff, and thus rendering the risk of breakage greater. The 
best mean between these two extremes is the more difficult to 
determine according as a marked increase in the extent of the 
vibrations is observed to take place on diminishing the weight 
of a balance when it is, in the first instance, too heavy ; but this 
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reduction must take place tlirougli a considerable range. This 
practical observation has led some to conclude that the balance 
wliicli secures the most extended vibrations is preferable, since 
it reduces the risk of breakage and the wear, while at the same 
time the increased velocity compensates for the lightness ; but 
the adoption of extended vibrations, so long in favour and 
apparently founded on the circumstance above referred to, was 
abandoned by the English. This was owing to the fact that 
experience had proved that long vibrations, especially when the 
b.'ilance is somewhat light, are apt to allow two teeth to pass at 
a time during several successive vibrations while the watch is in 
wear ; whereas, with a heavy balance and shorter arc of vibration, 
this effect is not observed, or, at any I'ato, is at once checked. 

These facts are sufficient to justify the s 3 ^stcm practised in 
England, a system that has so sorely puzzled the French and 
Swiss watchmakers, who arc highly skilled in the manufacture 
of onuimental watches, intended to please the eye but not to be 
reliable timekeepers. 

It ma}' happen that the balance, if somewhat hea^y,. renders 
the escapement more difficult to time in position, and it then 
becomes necessary to sot the balance out of equipoise ; this 
prnctice has often been resorted to in England in the cases in 
which the pivots of the balance-staff are not conical, for the 
workmen know that in such cases it is of the first importance to 
reduce the effect produced by jerks on the vibrations ; and this 
result can only bo secured in English watches by employing a 
balance that is somewhat heavy and may even have to bo large. 

But it must not be forgotten that a balance maj’ be too 
heavy in proi)ortion to the motive force and, at the same time, 
too liglit when compared with the resistances which occur in 
the escapement ; this latter amounts to its being too light to 
secure a proper rate. When such is the case the onlj' possible 
remedy is to increase the mass of the balance and the motive 
force in proportion. 

559. — Workmen are usually guided bj" an empirical rule 
that requires the sise of the balance in a du])lex escapement to 
bo the same as that of the barrel cover (or slightly more). Some 
assert that its diameter should not exceed twice that of the 
escape-wheel. 

Such proportions, deduced from escapements that were 
found to go well at first, arc only useful as approximations. In 
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tins, as in the cylinder escapement, a certain relation has to bo 
found between the size of balance and the radius of friction, 
that is of the roller ; when this relation is established it has the 
effect of rendering the escapement but little influenced by 
variations in the motive force and the thickening of oil, as we 
have already explained in discussing the liorizontal escapement. 

In practice, workmen ascertain whether the balance is 
of coiTect weight, so as not to be too heavy for a given motive 
force, by causing tlic balance to recoil with a piece of pegwood 
until the resting tooth just enters tlie notch, and tlicn liberating 
it. The lift should suffice to give the requisite motion without 
undue force. 

A safer method is tliat whicli we have already explained as 
Ilalf-Timinfi ( 440 , 441 ). After a little practice the watchmaker 
will be able by this method to ascertain with considerable rapi- 
dity whether the weight of the balance is correct and the 
escapement sufficiently insensible to variations in the motive 
force. (See the chapter on the Balance.) 

Kumber of Vibrations per lioiir. 

560 . — A duplex watch is generally made to beat 18,000 
vibrations per hour. 

At one time the English used to make the diameter of the. 
impulse wheel two-thirds that of the great Avheol. It had 
thirteen teeth and gave 14,400 vibrations in an hour. The 
balance moved slowly and was provided with a weaker balance- 
spring than that necessary for 18,000 vibrations aiid was very 
ajjt to trip. 

One would expect that by increasing the number and there- 
fore the rapidity of the vibrations it would be so much easier 
to avoid those inconveniences that we should bo obliged to 
employ a balance-spring that is stronger, and therefore loss 
under the control of the balance itself. Experience confirms 
this reasoning, and indeed duplex escapements giving as many 
as 21,600 vibrations have been found to be accurate timekeepers, 
notwithstanding that those who wore them often went on honso- 
back. The wear of the rubbing surfaces was no more serious 
than with 18,000 vibrations (®9). 

Werifleation on the Deptliing Tool. 

501 . — Having affixed a finger or some form of pointer to in- 
dicate the degrees of lift on the staff of the roller, the escape- 
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ment is placed in a depthing tool one of whose centres is 
provided with an appliance such as that represented at A b d, 
fig. 30, page 230, except that the graduation must extend to 80". 

Gently close the two branches of the tool, while guiding 
the roller with one finger and the wheel with another, until one 
of the resting teeth just rests on the roller ; then deepen the 
pitch as much as is thought fit, but care must be taken to leave 
sufficient freedom between the end of the impulse pallet and the 
impulse tooth near which it has to pass. 

The miall lift is verified l)y turning the roller (by means of 
the index) up to the point at which the resting tooth escapes 
from tlie notch. After observing the degree indicated by the 
pointer, the great lift is alloivcd to take place, and then the 
roller is moved backwards until the succeeding tooth falls into 
the notch. The interval between this second drop and the point 
previously recorded should not be less than 20". 

Th’oceed in a similar manner to verify the first drop ; that 
is to say at the instant the resting tooth escapes from the notch 
and the impulse tooth engages with the pallet, move the finger 
backwards until the impulse tooth escapes. It should traverse 
an arc of about 10" during this backward movement (545). 

As the impulse pallet is only held by friction on the staff it 
can be easily set in the proper position for receiving with 
certainty the impact of the tooth, allowance being at the same 
time made for a drop of 10". 

The escapement is then again caused to act, in order to 
make sure that the tooth engages with the impulse ])allet during 
an arc of not less than 20" or more than 35", the exact amount 
depending on the several dimensions of the escapement ; for, as 
we have seen, this lift (inclusive of its drop) Agarics in extent from 
35" to 50" according to the greater or less difference betAveen the 
diameters of the two wheels. 

The second droj), immediately succeeding the great lift, 
should be no more than is necessary to ensure the proper action 
of the several parts. 

If it is found to be too great, this is due to one of the three 
following causes ; impulse teeth in AViong position, pallet too 
short, or pitch of resting teeth in the roller notch too shallow. 

When the small lift is insufficient the pallet Avill be found 
to be too long ; for it renders the deepening of the pitch im- 
possible. 



336 


DUPLEX ESCAPEMENT. 


With an excessive small lift the pallet has been made too 
short either through necessity or want of care ; the former is 
the case when the impulse teeth are out of place. 

Should the great lift be too great, in consequence of the 
impulse wheel being larger than is required, it can only bo 
corrected by renewing the wlieel ; for if we attempt to reduce the 
lift by making the pitch less deep, the di*ops will become excessive. 

Finally with an insufficient gi’cat lift reduce the teeth in 
the manner adopted for removing the burrs (553), and bring 
the centres of movement nearer together. 

Observations. 

The workman may make sure that the points of the teeth 
do not touch the bottom of the roller notch by slightly deepen- 
ing the escapement, and this will also enable him to see that 
the tooth has sufficient freedom to give it a minute shake at 
every period of its passage. 

In passing by the tooth v (fig. 3, plate II.) the pallet should 
have enough freedom to avoid all risk of the two in any way 
coming in contact when the position of the watch is altered, or 
when the centres of motion are brought as much together as 
the play of the pivots in their holes will permit. 

Similarly the space between the pallet and the tooth u 
should be verified, for, as they gradually approach one another, 
the interval between them becomes very minute towards the 
termination of the small lift. 

With a view to afibrd additional security when these two 
pass near each other, some watchmakers, instead of placing the 
impulse teeth midway between the resting teeth, place them a 
little to the loft. It is better, however, to keep them exactly in 
the middle. 

After completing all these corrections and satisfactorily 
verifying the escapement it must be planted in the ordinary 
manner. 

Verlflcation of the Escapement when in Position. 

563. — ^When the lifting points are not marked on the plate, 
make two dots separated by an arc of 60“ and divide this into 
arcs of 10“ each. A mark on the rim of the balance should be 
over the second dot when the great lift terminates. 

After making sure by means of an eyeglass that the pitch 
of the pallet and impulse teeth is sufficiently deep, and that 
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ihose parts which should not be in contact have the requisite 
freedom, the escapement may be verified as explained in the 
preceding article. Or, if it have previously gone satisfactorily, 
a verification as follows may suffice. 

The points of the teeth, the roller and tlie pivots are 
cleaned, the pivot-holes oiled and the escapement put together 
but without the balance-spring ; having wound up the watch the 
balance is guided with a i^egwood point to about the middle of 
the small lift and then released. It will perform a number of 
vibrations without stopping, during which period the motion of 
the wheel must be carefully and eonstantli/ observed. Placing 
the watch to the ear and varying its position, if it be found that 
two teeth never pass at a time, that the drops are equal, that 
the sounds are uniform and not interrupted by a grating noise, 
etc., we may conclude that tlie action of the escapement takes 
place with sufficient regularity. (Half-timing may bo accom- 
plished in this manner, but an easier method is that explained 
in articles 440 and 441.) 

Timing in Position. 

563. — ^Wlicn timing in position it is only necessary to 
follow the instructions given in article 431 ; and, for rapidly 
regulating, those contained in article 433 and the following. 
(See the chapter on Springing and Timing.) 

OTer-Banking. 

564. — There is no occasion to fear over-banking with the 
duplex escapement ; but, doubtless with a view to avoid tripping 
(see the causes of stoppage), it was formerly provided with a 
movable banking-pin. This, however, was somewhat incon- 
venient and has been suppressed. 


CHAPTER IV. 

CAUSES OF STOPPAGE AIVD TARIATIOX IN THE 
UUPL.EX ESCAPEnENT. 

Settins* 

565. — Setting, if it occurs with a duplex escapement, results 
from a cause that is permanent and not accidental ; but, although 
it cannot be entirely removed, it can be very materiaffy reduced. 
A balance that is too heavy, a notch that is too narrow or 

22 
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whose edges are rough, a balance-spring that is carelessly fixed, 
and above all an excessive small lift, rendering necessary a 
considerable movement of the balance before the unlocking 
takes place, all tend to increase the intensity of setting. 

\^en the play of the teeth in the notch is sufficient, the 
angles and rubbing surfaces well polished, the balance-spring so 
fixed that, iu its neutral position, the roller notch is exactly 
opposite the centre of the wheel, and when the small lift is 
between 20’ and 25“ (or 30“ as a maximum), the escapement 
will be easily set in motion and the mere shake occasioned by 
winding will in nearly every case suffice to move the balance. 

Increasing the small lift somewhat reduces the friction during 
rest, and the extent of the arc of oscillation will thus become 
rather greater ; but this is of little importance compared with 
the fact that, when it reaches, say, 60“, rapid and very long 
vibrations are essential in order to avoid setting when subjected 
to the mere shaking that must occur in the pocket of the wearer. 
And we shall presently see that long arcs of vibration are 
objectionable. 

All Escapement that trips. 

560 . — One great fault to which tliis form of escapement is 
subject is that of allowing two teeth to pass at a time whenever 
it is shaken: this action is usually expressed by saying that 
the escapement trips. It results from a too rapid increase in 
the velocity and extent of the vibrations. The watch of course 
gains at an immense rate. If it be shaken with a circular 
movement, being at the same time held to the ear, it will trip 
and the double blow can be distinctly heard. This slipping of 
the teeth often continues for some seconds after the shake has 
occurred. 

It results from the following causes : vibrations of too 
great extent or not sufficiently frequent, lifts too much prolonged 
or excessive motive force, or a balance that is too light. This 
last is the most frequent cause. With a heavy balance the 
escapement can unquestionably trip, but in that case it is only 
momentary. 

The English succeed in avoiding this fault by making the 
roller larger, the balance heavier and of increased diameter, 
and by reducing the complete arc of vibration. They thus 
set a reduction in the amplitude against an increase of both size 
and weight. {See the Introduction, — article 34, on Momentum.) 
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To replace a broken Balanee«stafr. 

567. — Every watchmaker knows how to make a new 
balance-staff. First ascertain the several heights either by 
reference to the old one or, in its absence, by the method 
explained for the cylinder (463). Holding the small brass rule 
vertically over the lower ruby, press a resting tooth, previously 
covered with rouge, against it. Make a notch in the rule 
(m, fig. 41) to indicate the height of the roller and, previously 
to doing this, cut a small tongue which, when the rule is held in 
position, should meet the impulse tooth just as the pallet is 
required to do. 


Fi?. 41. 

The interval between the top and bottom ruby having 
been measured, it is indicated on the rule by the mark b. It 
will then be only necessary to add the thickness of these two 
jewels to the space a i in order to ascertain the total length of 
the balance-staff with its pivots. 

The best height for the balance must be ascertained in the 
manner already explained, and need offer no difiSculty. The 
same may be said of the pivoting (473). 

The staff should be thicker than the roller at the point at 
which the pallet is attached, so that, when this latter is removed 
■or replaced, there may be no risk of damaging the roller. 

The portion within the roller should at most be half the 
thickness of the roller itself. Of course when the roller is ready 
made the diameter of the perforation will fix the size. 

If the roller is useless it is well to ascertain whether the 
diameter of the staff cannot be slightly increased; such an 
increase is usually made by some makers as we shall presently 
explain. 

Most Swiss manufacturers make the roller axis very thick, 
and the roller itself, becoming exceptionally thin, is completely 
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divided by the notch. They assert that this does not load to 
more frequent accidents because the increased thickness and 
rigidity of the staff fully compensates for the delicacy in the 
roller. 


Pallet too long,— too short,— too much cut away. 

568. — When the pallet is too long there is considerable 
risk of catching. If of steel it can be easily shortened. When 
jewelled and a lapidary is not accessible, the notch in which the 
jewel rests must be cut somewhat deeper. 

A short pallet when of steel must be replaced ; but if there 
is a jewel it will only be necessary to advance it a little. 

Wlien the pallet is cut away beyond the radial line, as 
shown at s, fig. 41, page 339, it engages with the tooth in an 
oblique direction and gives rise to considerable engaging friction. 

The comer of the pallet should be very smooth and 
delicately rounded so as just not to scratch the nail. 

There must be sufficient freedom between the flat of the 
wheel, the resting teeth and the under face of the pallet. This 
latter is always gently driven on to the balance»staff; it must on 
no account be loose. 

It is a good plan to make two notches on opposite sides of 
the collet that carries the pallet in order to be able to grip this 
collet in a pair of cutting pliers (the edges of which are slightly 
rounded) when the pallet requires to be rotated on its axis. 
When pliers are used for this operation there is danger of 
scratching the comer of the mby or even breaking the balance- 
staff should they slip off the pallet. 

A cracked, broken or loose roller. 

569. — It is no uncommon occurrence to meet with rollers 
that are very slightly cracked, which, although not causing a 
stoppage, give rise to constant irregularity. 

The roller should be made of ruby. If it be absolutely 
impossible to replace a broken roller by one of stone, it must be 
re-made in steel hardened in opium or mercury and well polished. 
But, as Moinet has observed, rubies are always the safest. 

When renewing a roller it is well to make it first in brass, 
both in order to try it and as a pattern for the lapidary. 

570. — ^In fixing anything in position by means of shellac, 
whether it be a roller or an impulse pallet or indeed any part of 
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an escapement, such as the body of a ruby cylinder, the pallets 
of an anchor, etc., instead of rubbing the heated surfaces with a 
piece of shellac, it is better to previously dissolve some shellac in 
spirits of wine (alcohol) and, using a small paint-brush, to spread 
it over the surfaces that are intended to adhere. It has been 
observed that parts joined in this maimer are held more firmly. 

Notch too large,— edges too much rouuded,— narrow notch. 

571 . — When the notch is too large or the edges too much 
rounded the recoil will be excessive, the lift insuflBcient, and there 
will be some danger of teeth slipping when they are not of full 
length. Such faults render an increase in the small lift necessary. 

If the entrance edge is too much rounded it gives rise to an 
augmentation of recoil. ^\'hen a similar fault occurs at the exit 
edge the point of the tooth is liable to occasionally fall on to this 
rounded edge, and is then driven, under engaging friction, back 
into the roller notch ; the effect is very detrimental. 

With a narrow notch any particle of dirt falling into it, or 
even the mere thickening of oil, w'ill alter the rate of the watch 
and may cause it to stop. 

A wheel unequally divided. 

573. — The resting-point must be constantly changing when 
the wheel is out of truth or unequally divided; and the same 
may be said of the energy of drops and impulses and of the 
extent of the lifts. With the shorter teeth, the small lift will 
be uncertain and the friction of the resting tooth will be 
excessive, since it occurs near the line of centres. With the 
longer teeth the small lift will be of too great extent and the 
risk of setting will therefore be increased. 

If the impulse teeth are not equidistant there will be a 
reduction in the great lift ; for w'e should then be compelled to 
employ a shorter pallet than when the wheel is accurately 
divided. Hence it is important to verify each tooth of the wheel. 

The remedy for all such faults is to replace the wheel ; but 
if it is absolutely essential to retain it, the resting teeth must 
be trimmed at their points (553) in order to make the wheel 
round, and so far to diminish its diameter as compared with that 
of the impulse wheel that, when the escapement is planted afresh, 
the correct performance of the great lift may be guaranteed and 
its extent may be sufficient (537). 
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Impulse teetb wronj^ly placed. 

573. — When the impulse tooth is not midway between two* 
great teeth, the pallet will pass too near one impulse tooth and 
too far from the other ; it therefore necessarily follows that the 
pallet must be made shorter than the prescribed amount, and it 
is often found impossible to obtain a great lift of sufficient extent. 

Formerly, when there were two distinct escape-wheels on 
the same axis, it was a simple matter to rotate one or the other 
on this axis and so adjust the position of the teeth ; but at the 
present day, with a single wheel, if the impulse teeth arc im- 
properly placed, we can only bend the long teeth in such a 
manner as to bring the impulse teeth midway between their 
points. This delicate and even dangerous operation may be- 
performed as follows : 

At the centre of a circular plate (fig. 13, plate V.) about 
inches in diameter, a projecting boss or shoulder is left on 
which the wheel can be firmly fixed by screws as on a chuck. 
The resting teeth project completely beyond the edge of this 
boss. The surface of the plate is divided radially into some- 
multiple of the number of teeth of the wheel, say fifteen or 
thirty parts, and it is then easy, by means of a perforated punch 
that is pressed on to each tooth, to bend them all to the same 
extent, since the divisions on the plate serve as a guide in 
inclining the punch as well as to ascertain whether the points 
are sufficiently bent. 

The wheel is then trimmed and trued with very great care 

(553). 

Small Kiifl too j^rcat or too small. 

574. — ^An insufficient small lift, besides rendering the 
action of the escapement insecure, causes the rest to take place 
too near the line of centres ( 74 ) and the engaging friction is 
excessive. 

If the escapement acts with certainty in every other par- 
ticular and in accordance with the principles above laid down, 
it will be enough to replace the roller by one slightly larger, 
instead of making the pitch of the teeth deeper ; and the con- 
verse will be the case with an excessive small lift (providing 
the wheel be not trimmed) ; for when the small lift is too great, 
setting is very liable to occur, and a single shake will some- 
times suffice to occasion a stoppage. 
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Swiss escapement-makers correct any faults resulting from 
a slight error in the planting of the escapement by altering the 
roller; with them this is an operation (rf no difficulty, since 
they are always provided with ready-mado rollers, sized 
according to a recognized scale. 

Great Eiift excessive ar insuOlcicnt* 

575. — We have already shown that any deficiency in the 
great lift results either from the impulse wheel being too small, 
or the pitch too shallow, or the impulse pallet too short. 

We have also seen that an excessive great lift is occasioned 
by the impulse wheel being larger than is required, or the 
centres of movement too close together, this latter cause, 
moreover, gives rise to an exaggerated small lift. 

If the great lift is deficient, the watch cannot be regulated. 

If excessive, there is risk of stoppage and tripping: the 
former when the motive force is feeble ; the latter when it is 
great. 

In the first case the depths must be verified and the main- 
spring changed; on the other hand, in the second case the 
motive force should be reduced, or rather the weight of the 
balance increased, for if the pallet be shortened the drops will 
become greater, and if the pitch be made shallower the pallet 
will be too short and must be replaced. 

It is impossible to do more here than draw attention to the 
faults and leave it to the intelligence of the workman to discover 
and apply the best available correction ; we would mei’ely remind 
him that, with very few exceptions, a contact between the pallet 
and impulse tooth of not less than 20" (exclusive of the drop) 
best satisfies the requirements of practice. 

The Fourth Wheel Depth B;ul. 

570. — The escape-wheel pinion depth should receive the 
greatest possible care : it has a very marked influence on the 
timing. Unfortunately this pinion nearly always has six leaves, 
and those who plant the escapements in factories are for the 
most part utterly ignorant on the subject of depthing : the result 
is that this depth is generally the worst in the whole watch. 

An equal amount of care should be devoted to all the otiier 
depths, for we have met with cases in which a duplex watch 
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could not be regulated merely because one depth in the train 
was rather too shallow ; and yet this depth felt quite smooth 
and did not occasion stoi^page. 

Otlicr'Causcs or .Stoppage aud of Irregularities in Timing. 

577. — The other principal causes of stoppage and variation 
in the duplex escapement are ; 

A WHEEL BADLY PLANTED. It will be liable to rub against 
the passage of the escape-wheel cock or against the last wheel 
of the train. If inclined to one side the resting teeth will not 
be square rvith the edges of the roller-notch, will act as though 
they are too thick and will be apt to catch. This latter fault ma)’- 
also occur if the faces of the teeth are not cut square, that is to 
say in a vertical plane to that of the wheel (d, tig. 41, page 3139). 

Teeth too thick or not of uniform thickness, etc. 

Impulse teeth whose e'aces are not cut square. The 
freedom between the pallet and tooth may vary with changes in 
the position of the watch and especially if the endshake of either 
mobile is at all in excess (r, fig. 41, page 339). 

Points of the teeth touching the plug on their lower 
side or the pallet on the upper. 

Impi;lse teeth ayorn on their rubbing faces and a 

PALLET THAT IS PITTED OR HAS LOST ITS POLISH WHICRE STRUCK. 

Such a case is 1)}' no means rare with a steel jiallet and is als(7 
met with, though less frequently, with a ruby pallet. 

A ROLLER OUT OF TRUTH, arising from its being either care- 
'lessly made or badly cemented. The point at which rest occurs 
is continually changing and the wheel is alternately caused to 
advance and recoil. Thus at one period of its action tlu; 
escapement will exhibit those faults that result from a too small 
roller and at another those due to one that is too largo. 

If the performance of the small lift is not satisfactory 
through the size of the roller being insufficient, this roller may 
be gently heated and the side on which the notch is cut then 
pressed as much outward as possible, or the converse may be 
done when the small lift is too great ; but such a practice must 
only be resorted to as a makeshift. 

A ROLLER THAT IS BADLY POLISHED Or PITTED bv the teeth 
(when of steel) or rough especially at the edges. It must 
always be carefully examined, after cleaning, under a powerful 
eyeglass. 
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A ROLLER OR IMPULSE PALLET BADLY CEMENTED OT loOSC. 

A ROLLER CRACKED tmisversely' or longitudinally. 

Jewels loose in their settings. 

A LOOSE PLUG (570). 

Particles oi' shellac either in the roller-notch or on the 
points of the teeth. 

Pivot holes too large — or too small. 

Excessive endshake of either the balance or escape-wheel, 
especially with conical EnglLsh pivots (555). 

Curb-pins that move when touched by the balance- 
spring. 


Concluding Observations. 

578. — As a considerable number of causes of stoppage and 
irregularity have been pointed out in the three preceding 
chapters it is unnecessary to again refer to them. Others again 
are common to all forms of escapement, so that the above list maj^ 
bo rendered more complete by selecting, from Chapter VI. of our 
treatise on the Cylinder Escapement, such cases as are applicable 
to the duplex : we will conclude our consideration of this latter 
by the following observations. 

In the humid climate of England the performance of the 
duplex is more satisfactory than that of any other escapement. 
AVlien the pivots arc conical and extremely fine, so as to require 
very little oil, the duplex w'ill continue in action much longer 
than either the cylinder or lever. 

In carriage clocks it has given better results than are 
■obtainable with most other escapements ; but the duplex has in 
nearly all these cases been manufactured in either London or 
Paris. As to those of Swdss construction they have been ver}' 
generally given up by makers of such clocks, as they failed to 
give complete satisfaction. 

Those adverse results are apparently due to two principal 
causes: the ^rcs of vibration are too much extended and the 
diameters of the roller and balance are not correctly proportioned. 
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ON VARIOUS UNDETACHED ESCAPEMENTS. 

579. — Before leaving the consideration of escapements of 
this class we must refer to a few forms occasionally met with. 

We will, however, confine ourselves to a brief description, 
followed by a few quotations and general observations. 

VIRdU!.!: OR HOOK RSCAPRHBNT. 

680. — Two forms of escapement so named have been 
employed : one, the double hook^ is extremely difiBcult of con- 
struction and, as at the present day it is no more than a rare 


Fig. 42. 

curiosity, we shall not consider it; the other known as the Tmk 
or virgule escapement will now be briefly discussed. 

Aetion of the Rscapement. 

581. — A. flat wheel is provided with long sloping teeth 
(» and d, fig. 42) whose extremities are turned upwards so as to 
form small prismatic or semi-cylindrical pins. These aro 
represented in horizontal section at i and d. 
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The principal piece, the virgule or hook, is shown in plan 
at A/, and derives its first-mentioned name from its resemblance 
to the comma (French, virgule), the sign of punctuation. It is 
fixed to the balance-staff ; indeed both are formed out of the 
same piece of metal. 

Above the hook this axis is necessarily made weak since 
a deep notch has to be cut to allow of the passage of the teeth. 
The shaded portion v indicates the part of this staff that is not 
cut away, which is known as the crank. 

The outside rest of the tooth takes place against the semi- 
circumference h and this must be somewhat projecting in order 
to avoid contact of the entire surface of the pin with the 
balance-staff. 

It commences when the hook, travelling from / towards 
has moved to a sufficient distance beyond the latter point to 
allow of the escape of a tooth from c. It terminates during the 
return motion fi’omy to/. For during that period the tooth i& 
pressing on the entrance edge h and forces it backwards, pro- 
ducing the small lift. 

This first lift is followed by the drop of the tooth against 
the inside of the small cylindrical cavity c, when the second or 
internal rest takes place. 

The balance is now brought back by the balance-spring 
and returns until, when in the position v /, the second rest 
terminates, and the tooth c, being free to move, presses on the 
surface of the long arm i f (then in the position j), and this 
action constitutes the great lift. The succeeding tooth now goes 
through the same series of actions. 

583. — The form of the arm i f was such as to render the 
lifting action uniform. It was usually a mere arc of a circle 
of the same radius as the escape-wheel. This curve was struck 
from a centre rather below that of the wheel and such that, 
when the great lift was just commencing, the angle between 
the external circumference of tlie wheel and the curve of the 
hook (in about the position v j) was 30®. A modem author, 
who has asserted that a curve of such a radius will not secure 
any lift, is mistaken. 

Two methods were formerly in vogue for making the hook : 
by one the staff, pivots and hook were all formed out of one 
piece of steel, the internal locking surface being made with a 
circular cutter ; in the other and more practicable method, the 
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hook is formed of a piece of steel perforated to a distance equal 
to the interval between the lower pivot and the crank v with a 
hole slightly larger than one of the pins ; a separate axis is 
made and on this the lower pivot is turned, or, in view of any 
necessity for removing this pivot, a plug may be made analogous 
to those in a cylinder. 

The total length of the hook is equal to the interval between 
two teeth, an allowance being made for freedom. 

The entrance edge I should be such as will give a move- 
ment of 10® to the balance, and the great lift should measure 30®. 

When the balance-spring occupies its neutral position, the 
tooth should be commencing cither the small or great lift ; the 
escapement is not liable to set. The most prominent point of 
the external face of the pins should pass through the centre of 
the balance-staff. 


Summary of Authorities. 

583 . — JURGEN SEN. — This inconvenience (the friction 
that occurs against cylinders) suggested the idea of the hook 
•escapement, in which the friction would become unimj)ortant if 
only the oil could be retained on the rubbing surfaces ; but expe- 
rience has clearly proved that the oil only remains where 
required for a short period and is then generally attracted else- 
where; hence this form of escapement cannot bo employed 
with success notwithstanding the excellence of ike princijjlec on 
which it works (77). 

584 . — TAVAN (1831). — The two lifts are of very different 
kinds. In the first, on entering, the pressure is borne on the 
inclined face of a lip (b, fig. 42, page 346) that is comparable to 
the entrance lip of a cylinder, the thickness of which is consider- 
ably increased. The tooth meets this surface when the two 
are travelling in directions opposite to each other, and this 
action is detrimental both on account of the nature of the 
friction and of the form of lever, for the effective force is 
diminished on approaching the centre at the same time that 
the resistance opj^osed by the balance-spring increases ( 304 ). 

The two lifts are applied through the interposition of 
levers of very different lengths; the two rests also occur at 
very varied distances from the centre of movement of the 
balance. Perhaps this failing appears more important in 
theory than it actually is in practice, for watches provided 
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with this form of escapement have certainly been proved to 
possess excellent rates. 

It appears to have two advantages over the cylinder ; one 
is the great energy of the second lift which renders it possible 
to employ a heavier balance and a corresponding balance-spring, 
or, in other words, to exercise a more effective control over the 
motive force. The second advantage lies in the fact that the 
friction during rest is less than in the cylinder and less influenced 
by the thickening of oil. But in view of the difficulty of con- 
struction of this form of escapement and the facility with which 
it gets out of order, it has for a long period fallen into disuse. 

5S5t — MOINET (1847). — “Although employed with suc- 
cess by some of the best makers and notably by Lepinc, whom 
some consider to have invented it (while others give the credit to 
Lepaute), the virgule escapement has been almost universally 
abandoned in favour of the cylinder.” 

Moinet quotes the following passage from Jurgensen : “ Its 
main fault consists in the difficulty of retaining oil on the rub- 
bing surfaces ; and "when this is wanting they soon become worn 
and the rate ceases to be uniform ; ” and he adds, “ care, how- 
ever, may remedy this defect for we have seen hooks made by 
Lepine remaining as good as new after being in use for a very 
long period, and the present aiithor believes that a steel wheel 
might keep the oil more pure : the wheel is usually of brass. 
If the teeth were somewhat high and the oil carefully placed, 
its spread might be prevented.” (All these remarks had been 
already made by Jurgensen.) 

OBSEEVATIONS. 

586. — Wlien the hook escapement is thoroughly understood 
and well made, in accordance with the laws that govern escape- 
ments in which the rest is frictional, the watch can be timed 
quite as well as an ordinary cylinder ; but such a result, no 
more than an equivalent, can only be secured by the application 
of much more care and delicacy, and the first of these escape- 
ments has therefore with reason been replaced by the second. 

Two principal causes have, then, led to the disuse into 
which the virgule has fallen. 

(1) Its wear was very rapid ; 

(2) The rate became irregular after the lapse of some time. 

The excessive wear arose from the fact that in the great 

majority of cases the hook did not retain the oil, and this, 
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being only present on the pins in very small quantity, dried up 
rapidly (92). 

The want of uniformity resulted from the increase in 
friction upsetting the proportion that previously existed 
between the several parts of the mechanism (364), and from 
the fact that the impulse pallets were constructed in accordance 
with that erroneous theory which requires their form to be such 
as shall procure a uniform lift ; whereas this form, in nearly all 
cases, increases considerably the energy expended in the drop 
(272), and thus renders the virgule analogous to a cylinder 
escape-wheel with inclines of excessive curvature. 

These faults might have been avoided (1) by forming each 
lifting surface so that it retained the oil and did not permit a 
too rapid movement of the wheel; and (2) by arranging the pins 
in the manner adopted by a clever watchmaker, Henry Savoye, 
nephew to A. Breguet. 

Over each tooth in succession he placed a hollow cutter, 
similar to a riveting punch, finely roughed on the inside like a 
file to the requisite depth. A double movement was then given 
to it ; while being rotated on its own axis a kind of rocking 
motion was set up analogous to that adopted when finishing off 
the ends of holes in jewels. By this means the pin was formed 
as shown in elevation at n (fig. 42, page 346). The point of 
contact of the hook was in this case at n. 

Providing the oil is applied with proper care, it is retained 
very well at a point of contact so formed (91), Several 
escapements made in this manner by Savoye have gone for more 
than twenty years without showing any appreciable signs of wear. 

We will conclude with a brief summary of the contents of 
this chapter. 

The hook escapement when constructed by a skilful and 
intelligent watchmaker will give results that are sufficiently 
satisfactory for ordinary use. So long as it was made at Paris or 
by Lepine at Ferney, it was well thought of ; but when taken 
up by the manufacturers it soon fell into disrepute. 

It cannot be considered as equal to the cylinder. Even 
when only moderately well made this latter may possess quite 
as good a rate, and it has over the virgule several advantages; it 
is less fragile, more easily made, requires less care in construction 
so that it can be produced in factories at very low cost, and 
finally it may be plentifully supplied with oil. 
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BBMVErs Bvmr cnnrsu ucAPsiuirr. 

587. — This form of escapement, first made about sixty 
years ago, differs from the ordinary cylinder both in the shape 
given to the cylinder itself and in that of the wheel. 

The complete cylinder consists of three parts : the axis 6 a 
(fig. 43), the steel setting Hcd, and the ruby body t. 


Fig. Ft. 

The setting is attached to the axis by means of a cylindrical 
ring or collet h ; the pillar c connects this collet with the half- 
cylinder d, in which is cemented the ruby body t. 

A horizontal section of this half-cylinder with the body in 
position is shown at tr. 

The balance-staff terminates in two pivots slightly enlarged 
at their extremities in order that they may the better retain 
oil, and to reduce friction when in a horizontal position. 
The upper pivot works in the usual balance cock while the 
lower one is received in a jewelled hole in the part a of the 
small bar a g. When the vibrations are of too great extent the 
pillar c will rap against this bar. 

On this system it will be seen that the body is external to 
the balance and its staff, that is to say if the escapement is 
inverted the body is entirely exposed. 

The teeth are not inclined planes protruding beyond the flat 
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of the "wheel ; it is a simple crown wheel "whose section may be 
regarded as a ring cut from a regular cone. 

The form of teeth "wdll be at once understood from an ex- 
amination of fig. 43, where they arc shown in elevation at T and 
y and in plan at z. The extreme width i j is the same length as 
the inclined plane in the ordinary escapement. 

During the rest the rounded cornei" j of the tooth presses 
against the internal or external surface of the body, and an im- 
pulse is given by the top i j of each tooth passing in contact 
with one or the other lip ; this top is a slightly curved incline or 
rounded in a beaded form; it acts in precisely the same 
manner as the impulse plane of an ordinary tooth. 

Remarks. 

588. — This escapement was abandoned because, while 
possessing important qualities which might be useful in other 
escapements, it had several disadvantages. 

The good qualities lie in the form given to the wheel; it 
can be very easily made and its shape is so well adapted for 
retaining oil on the rubbing surfaces that it always returns to 
them whenever forced away by the action of the c.scapcment, 
even imtil the oil is completely dried up (attraction exerted by 
angles — 85). 

The faults consist in the great care necessary in making 
the cylinder, and more especially the lower pivot hole of the 
balance ; the smallness of the play that can be allowed to its 
pivots, and la.stly the difficulty experienced in retaining oil in 
the lower pivot hole. If it comes in contact -with the corner 
before reaching the bottom it spreads and dries very rapidly. 

The inventor succeeded in overcoming this difficulty by 
employing an instrument similar to the drilling tool. The 
hole was set centrally on a plate by means of one end of a 
delicate centre, and fixed in position; this centre "was then 
reversed, and the other extremity, formed like a drill, was 
employed to deposit the requisite amount of oil. 


The escapements "with frictional rest employed in clocks 
will be considered separately in a subsequent portion of the 
work. 
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DETACHED ESCAPEMENTS. 

THEIR ORIGIN. 

580, — Tlie detached escapement is dead-heat, but its 
principal characteristic, distinguishing it from escapements with 
frictional rest, consists, as we have already seen, in the fact that 
the vibration of the balance takes place in complete indepen- 
dence of the escape-wheel except during the very Ijrief period of 
lift. This wheel does not rest against any part of the axis of 
the balance but against a separate intermediate piece. The 
lever escapement in watches, the detent or chronometer escape- 
ment, and several forms of escapement used in timepieces are of 
this class. 

The invention of the earliest form of detached escapement is 
thus referred to in the Meinoircs de VAcadenue dcs Sciences for 1748 : 

“ A novel f(»nu of dead-beat escapement, invented by M. Le 
Tvoy, junr. (Pierre Lc Roy). AVhereas in the dead-beat escape- 
ments hitherto employed the wheel presses against some piece 
rigidly fixed to the balance throughout the entire oscillation, 
and friction therefore must take place between that piece and a 
tooth, in this new arrangement the wheel falls against an 
appendage (the detent) which is fixed to the watch-plate 
entirely disconnected from the balance, and is held there at 
each half-revolution.” 

The first useful application of the detached escapement to 
the measuremeut of time and the determination of longitude at 
sea is also due to Pierre Le Roy. This was on the occasion of 
his completing amarine clironomcter in 170G. 

We are careful to give these dates accurately because F. 
Berthoud, in the eulogy of his o-wn discoveries which he entitled 
Histoire de la mesure du temps, asserts that the detached escape- 
ment was first experimented upon in 1754. 

These experiments, which we need hardly observe were his 
own, were anything but successful. Hence he did not employ 
escapements acting on this principle in his two chronometers 
Nos. 6 & 8, the first he made that gave the longitude with any 
accuracy. They were not completed till 17G8, and were 
provided with a special form of cylinder escapement in which the 
cylinder was connected with the balance by an intermediate rack. 
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It was only about the year 1770 that F. Berthoud was 
successful in constructing a detached escapement ; and that was 
but a modification of Lc Roy’s design. 

With the modesty that characterizes great inventors P. Lo 
Roy himself tolls us, in his Etrennes Chronornttrique, that, when 
showing his chronometer to the sons of Dutertre, a clever Paris 
watchmaker, after the death of the latter, they showed him a 
model of a detached escapement made by their father, which, 
while the object in view was similar to his own, ditfered con- 
siderably in the details of construction. 

This fact, however, cannot weaken Le Roy’s claim to the 
<liscovcry ; for Berthoud, notwithstanding that ho was likely 
to have it brought under his notice, declares his ignorance of 
Dutertre's arrangement, and was thus unable to speak of it. 

The question is then conclusively settled, and it is now gene- 
rally admitted that the construction of the first detached escape- 
ment and its first jiractical application are alike due to P. Le Roy. 

PEELIMINAEY OBSEEVATIONS. 

Nio Theory of Detached Escapements has yet been published, 

590 . — As was the case with escapements in which the rest 
is frictional, a theory incorporating the principles that govern 
detached escapements has not yet been propounded. 

We certainl}’’ do possess numerous experimental data on this 
subject that are of i‘cal value, and some authors have gone so far 
as to deduce from the proportions they have found most satisfac- 
tory in practice certain requirements which they have proceeded 
to lay down as laws. But, for want of a fundamental theoretical 
basis, of a principle uniting them into one harmonious whole, 
these experimental data and empirical rules are perpetually in 
apparent contradiction, and even at the present day give rise to 
useless controversies. 

The reason why mechanical arrangements that apparently 
are so essentially different give satisfactory results is never 
clearly explained. 

The present work is designed to satisfy this want. 

The following theory, like that of escapements in which the 
rest is frictional, docs not rely on any hypothesis, but is a logical 
application of the laws of motion, corroborated by well-established 
experimental results. In not a single feature does it run counter 
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to the actual observations that have been published by our most 
skilful authors and experimentalists. On the contrary it confirms 
and explains them. 

The same laws govern the Detached Escapements of clocks 

and watches. 

591. — This is a precisely analogous case to that discussed 
in article 215, and we need, therefore, only refer to it. 

Detached Escapements are not equally independent of the 

motive force. 

592. — We consider, in short, that such escapements differ 
in the relation tliey bear to the motive force according to their 
precise mechanical arrangement; and this relation maybe more 
or less direct. 

Thus the lever escapement, in which a mobile is interposed 
between tlie wheel and balance, cannot be free in the same sense 
as the chronometer escapement where the motive force acts 
directly on the balance; but either will cease to possess the 
principal characteristic of detached escapements as soon as any 
contact occurs between the escape-wheel or guard-pin and the 
edge of the roller. Let it be admitted then, a priori^ that the 
.steadiness of the mobiles when brought to a certain position by 
the action of the mechanism is perfect, and that no contacts cal- 
culated to invalidate the theoretical conclusions can occur. 

We shall subsequently see that it is easy to realise this con- 
dition in practice, but it seems, nevertheless, well to make the 
observation at the outset. 

Functions of a Detacbed Escapement. 

Its balance docs not act in the same manner as that of an ondetached escapement** 
Action of the Balance- Spring. 

593. — On ])ago 115, when discussing the escapement with 
frictional rest, we stated that : 

“ The functions which every escapement is required to per- 
form are : 

“1. To moderate and, at the same time, regulate the 
velocity of rotation of the train of mechanism. 

“2. To restore to the moderator the small amount of force 
that it has lost at the conclusion of each complete oscillation. 

“3. To effect this restitution of force in such a manner that 
all the oscillations occupy exactly the same period of time. The 
. attainment of such a result does not in any way preclude the 
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possibility of employing unequal movements as regards the 
actual space traversed.” 

594. — The above may be said with equal truth of detached 
escapements, but a distinction must be made as regards para- 
graph 3. 

Assuming equal periods of oscillation in the two classes of 
escapements, this hypothesis only asserts that the movements 
of the two balances will be identical. 

In the frictional rest, escapement, the velocity of the balance 
when it is commencing the return movement, and is on the 
point of unlocking, is the resultant of two principal opposing 
forces : — the elastic reaction of the balance-spring and the pres- 
sure on the resting surface. 

In the detached escapement the force that controls the 
velocity of the balance at different points in its path may be 
considered to have its origin in one simple cause, the elastic re- 
action of the balance-spring ; a reaction which takes place with 
perfect freedom if the spring is truly central and isochronous, 
as is the case in chronometers. 

The following effect results from this fact, and we shall find 
it of importance in what follows ; the velocity of the balance at 
the several points of its path is represented by different figures 
according as it forms part of a detached escapement or one in 
which the rest is frictional, all other conditions being the same 
in the two cases. 

The action of a Detached Escapement is complex. 

595. — Just as was pointed out when discussing the fric- 
tional rest escapement, it may be here observed that the energy 
of movement of the moderator is merely the difference between 
two opposing forces : 

The impulse given to the lifting arm ; 

The resistance opposed to the moving balance by the 
mobile against which the wheel rests. 

There are then, as before, an action (the impulse or lift) 
and a reaction (the unlocking), but with the following points of 
resemblance and difference : 

The impulse on the lifting arm acts in the same manner in 
the two classes of escapement ; 

The resistance opposed during the unlocking, while pro- 
portional to the radius of rest in escapements with frictional 
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rest, is, in the majority of dotaehed escapements, a function of 
the inclination of the plane on which this rest occurs and of the 
length of arm carrying that plane (ignoring the friction, etc.). 
It thus follows that we can vary the amount of this resistance 
while maintaining the length of the radius of rest constant, 
whereas such a change could not be efEected in the case of fric- 
tional rest escapements or even in such detached escapements 
as have the resting surfaces concentric. 

PROPOSITIONS SUMMARIZING THE THEORY OF DETACHED ESCAPEMENTS. 

596. — Retaining our foimer arrangement, we will at the 
outset lay douTi in the form of propositions the general outline 
of the new theory. Their demonstration will follow, and several 
of the experiments described will be seen to constitute an 
extension of the theory of escapements with frictional rest. 

The reader should be thoroughly acquainted with this latter, 
as the two have several points in common. Indeed it could not 
well be otherwise since the same basis underlies both ; namely 
the laws which govern the movement of bodies. 

W e might have enunciated «me General Theory^ but it appeared 
that the study of the subject would be rendered easier by dividing 
the work in such a manner as to give the different theorems in 
their special connection. 

This being the case it will be manifest that several of the 
propositions given at page IIG are equally applicable here and 
must be reproduced. Although this repetition, which helps us 
to grasp the entire theory, has no inconvenience, we have never- 
theless thought it well to indicate with an asterisk each proposi 
tion that is quoted literally from the former set. 

FIliST PROPOSITION. 

597. — If the motive force be exactly counterbalanced with 
an escapement arm, the conditions of equilibrium will be main- 
tained however the length of this arm be varied, providing the 
lifting angle and motive force remain unchanged.* 

SECOND PROPOSITION. 

598. — If the lifting angle and the motive force remain con- 
stant, the force of the impulse that maintains the movement of 
the moderator (and regulator) Avill increase with any diminution, 
in the length of the escapement arms.* 
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THIRD PROPOSITION. 

509* — ^Wlien the resting surface is concentric with its axis 
of rotation, the resistance offered by the unlocking is proportional 
to the radius of rest. The amount of energy lost by the mode- 
rator increases with the extent of rubbing surface. 

FOURTH PROPOSITION. 

600 > — If the radius of rest remain the same, the resistance- 
of the unlocking depends on five principal elements : the inclina- 
tion of the locking plane, the virtual length of the lever by 
which this plane is set in motion, the direction of pressure, the 
extent of rubbing surface and the time occupied. 

FIFTH PROPOSITION. 

601, — ^Various combinations of these several elements may 
lead to identical or equivalent results ; that is to say, they may 
either maintain the resistance to unlocking invariable or they may 
always retain the same degree of stability of the resting piece. 

SIXTH PROPOSITION. 

602, — The lift and the motive force remaining the same, 
the period of an oscillation will change -with any variation in 
the length of the escapement arms.* 

SEVENTH PROPOSITION. 

603, — There is one, and only one, length of the escape- 
ment arms that is adapted for ensuring the nearest possible 
approximation to isochronism in the oscillations.* 

EIGHTH PROPOSITION. 

604, — The useful effect of an impulse, measured by the- 
amplitude of the arc of vibration described by the moderator, 
varies with the height of the incline by which this impulse is 
communicated.* 

We here assume the length of this plane to remain constant, 
because many proportions between the heigU and length might 
occasion an identical amount of motion of the moderator. 
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NINTH PROPOSITION, 

605. — There is one degree of inclination of this incline 
which secures, with a given motive force, the greatest extent of 
oscillation with the greatest regularity.* 

TENTH PROPOSITION. 

606. — Wlien the motive force is given, and the best pro- 
portion for the energy of impulse to licar to the resistance at 
unlocking has been ascertained for a pendulum or annular 
balance of known size, this proportion will require to be varied 
with any change in the dimensions of the moderator. 

ELEVENTH PROPOSITION. 

60?. — The ratio between the force of the impulse and the 
resistance at unlocking (or rather the force necessary to unlock) 
varies with time. 

This variation depends on the combination of three terms : 
the motive force, the extent of the arc of vibration, and the 
degree of isochronism of the balance-spring : terms which change 
in different proportions. 

Consequently., by replacing a given motive force by one that 
is either less or greater, we cause both the initial ratio and its 
progressive change to vary. 

TWELFTH PROPOSITION. 

608.— The size of the escape-wheel is not a matter of 
indifference. It is directly dependent on the weight and velocity 
of the wheel, on the effective height of the impulse piano, and 
the friction that occurs on its surface.* 

The velocity of the Avheel must bo made secondary to those 
conditions which determine the lift and the several pressures 
under which it ocem’s. 


609. — We would repeat the observation already made in 
paragraph 227, to the effect that a full demonstration of these 
propositions is impossible except by the aid of mathematics of an 
advanced description ; but such complete proof is not absolutely 
essential for our purpose. Analytical solutions possess a degree 
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of accuracy far beyond that which it is possible to attain in 
practice : and besides this we are ignorant of the exact value of 
several of the principal elements involved in the calculation, 
friction for example, and this would render any purely 
theoretical results oj)en to question; we shall therefore, as in the 
former case, only resort to the elementary mechanical principles. 
Supported by cx]>erimcntal evidence, the solutions they afford 
will abundantly suffice to satisfy all the requirements of practical 
Horolog}'. 

But the reader must be thoroughly at home with these 
princijdes, the elements of applied mechanics, to which we have 
devoted our first cliapter; and this ])reliminary knowledge 
should also be supplemented by a careful study of articles liiS 
and 220. 

THEORETICAL L EXPERIMENTAL PROOF OF THE ABOVE PROPOSITIONS. 

If a given motive force be maintained in equilibrium by the 
arm of an eseaiiemciit. it will remain ho honever the 
length of thin nrni be varied. 

« 10 .— A ssume the lifting angle to remain constant. 

The case will be ])reclsely the same in a detached as in a 
fi’ictional rest esca})Cineut, and the demonstration identical with 
that given in articles 230-4, to which therefore we refer the 
reader. He must, however, take into account the details bear- 
ing on the subject Avhich are contained in the following article 
and arc applicable to the two classes of escapements. 

The impelling force required to maintain the movement of 
the moderator lucreaHcs as the arms of the encapement 
arc shorteueil. 

011. — As in the la.st paragraph, we will here assume that 
the lifting angle and the motive force remain invariable, and that 
by the exprcs.sion “aims of the escapement” is understood 
the impulse and the locking arms. 

The truth of this j)roj)Osition has been proved in 237 and the 
succeeding paragrajihs and it is equally applicable to detached 
escapements ; it remains however for us to add certain details 
and to describe some additional experiments. 

012. — An examination of the lever, pin, and other detached 
escapements shows that their modes of action satisfy the above 
conditions ; but at first sight it appears that such is not the case 
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with the chronometer escapement with only one impulse pallet, 
on which the wheel acts at every second vibration. 

The principle is, however, no less applicable in this case, 
and it is just as exact. 

If the lift and the force producing it remain the same, it is 
impossible to vary the size of the wheel without modifying the 
impulse roller in proportion ; but it is possible to alter the point 
at which rest occurs, as well as that at which the unlocking 
pallet comes into action. 

It is evident, so much so that with our present knowledge its 
proof would be waste of time, that, with a given motive force, 
the moderator will lose a proportionately less amount of its 
energ}' according as the unlocking pallet is shortened, or, what 
amounts to the same, as the lever opposing it becomes longer. 

This question requires to be considered more fully, but it 
would involve a discussion of the lever by which the locking pin 
is moved; this question cannot be adequately entered upon 
without some detail, and, as such details will be given in their 
proper place when we consider the most convenient length for 
the detent and the lever, we will here make only a few general 
observations. 

6l!|. — This principle is equally applicable to any escape- 
ment, however its dimensions be increased (providing all its 
parts are varied in the same proportion). With larger and 
therefore heavier mobiles the pressure on pivots and the 
extent of rubbing surfaces would become greater ; hence the 
amount of force absorbed would be more considerable and the 
available energv less. 

The two first propositions are in no way contradictory. 

014 . — It has been observed by some that the two first pro- 
positions are opposed to each other. If, they say, the energy is 
greater with a short anu, the equilibrium spoken of in the first 
proposition cannot exist. 

The iullacy of such a statement can be easily made manifest. 

The differenc<’ in the amount of force available for main- 
taining the movement of the moderator with a short or long 
arm is very slight, in fact it is actually less than the resistance 
offered to separation by two stationary bodies when pressing 
against each other. This action arises from: (1) their inertia; 
(2) adhesion between the touching surfaces ; (3) the abnormal 
increase of friction at the commencement of motion. This 
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excess of resistance neutralizes the slight diflfercnce in the force 
and produces a statical equilibrium. 

Such, however, is no longer the case if the machine is in a 
dynamical condition or state of motion, as then the opposing 
influences here referred to are absent; for (1) inertia, which in 
the former case tended to maintain the body at rest, now helps 
to keep it in motion ; (2) the increased friction and adhesion on 
commencing motion arc of course absent. 

We here see another example of the errors to which the 
consideration of a machine solely from a statical and geometrical 
point of view lays us open. 

EXPERIMENTS. 

Preliminary ObserTations. 

615 . — Another objection has also been urged : 

“ Friction is proportional to pressure ( 38 ) ; but you prove 
that the greater pressure occurs on the incline of a short arm ; 
hence there must result a somewhat increased amount of friction 
on this arm and the available energy must therefore remain the 
same.” 

This objection has no better foundation than the preceding. 

Wlien a force is expended in pressure on the surface of a 
body that cannot be moved in the direction of the force, the 
friction produced is proportional to the weight that would balance 
this pressure ; but such is not the case when the body moves 
under the influence of the pressure. This being so, a greater 
acceleration of movement must correspond to an increased 
pressure. 

The theoretical proof of this truth is beyond the range of 
elementary Mechanics ; we will then only consider certain ex- 
perimental evidence. 

FIBST EXPEIilMENT. 

616 . — We have constructed the apparatus represented in 
figure 1, plate VI. Its arrangement is sufficiently evident from 
the drawing and a few details will make its mode of action clear. 

An escapement ann v b d i carries three pallets or inclines 
h c, df, i j, so placed that their distances from the point of sus- 
pension a are as 1:2:3. These three inclines, having equal 
heights, will produce the same amount of lift. 

The arm u ^ is freely suspended at a ; to it is attached a 
vertical rod v g carrying an adjustable sliding weight u. 
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The object in view in adopting such an arrangement -was 
to secure great sensitiveness to variations in the pressure exerted 
on the pallets ; for this sensitiveness, assuming it to be necessary, 
would be wanting if tlic arm v b d terminated at a, as it would 
then be no more than a mere pendulum. With the ordinary 
pendulum considerable dih'crcnccs in the motive force do not 
sensibly influence the amplitude of the oscillation when this is 
of moderate extent. The sliding weight placed above the centre 
of suspension has the further effect of prolonging the period of 
oscillation ; and this facilitates the observations. 

By means of an adjustable weight carried on the arm 
the arm v b d can be brought to rest in a vertical position. 

The arm », movable on pivots supported between the bear- 
ings 5-, which latter can be set in any vertical position, corre- 
sponds to the tooth of the escape- wheel ; it is set successively 
in the positions n m m\ s s'. These positions must be fixed 
upon with considerable care as the tooth is required to act tan- 
gentially at the middle of the pallet (in other words, the arm 
n n' must be horizontal). 

After having adjusted the apparatus so that the line n m s 
was vertical, the first experiment was performed as follows : 

The tooth n is placed against the middle of the pallet b c, 
and, by means of tlie counterpoise r attached to the arm g, the 
whole is brought to a state of ecjuilibrium. 

This equilibrium was found to be maintained with the 
tooth acting on either the arm a d or a i in the position m or s, 
as well as on a i in the initial position n. 

SECOND EXI’EBIMENT. 

017, — After the counterpoise r (fig. 1, plate \T.) had been 
detached, the arm v b d was balanced so that the points b, d, i, 
were a little in advance of the line n s, and it was held in this 
position by the thread I attached to the hook k. The tooth n 
was then, in three successive observations, caused to act on the 
uppermost points of the pallets, and, on burning the thread, an 
oscillating movement was imparted to the arm t) b d hj the 
passage of the tooth along the inclined plane. The extent of 
oscillation, as indicated by the index g moving over a scale, was 
always somewhat greater when the shortest escapement arm was 
employed than in either of the other two cases. 

The shortest arm gave 70 oscillations, whereas the longest 
only gave G4 and the intermediate 66 or 68. 
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When the weight r was attached to the impulse commu- 
nicated by the tooth gave 18 oscillations with the arm a b and 
only 16 with the longest arm a i. 

THIED EXPEBIMENT. 

018, — The above will suffice to show tliat the greatest extent 
of vibration is obtained when the pressure applied is a maximum. 
From this it must necessarily result, if we consider a converse 
action, namely a recoil of the tooth occasioned by the pressure 
of the escapement arm, that the resistance opposed to recoil Avill 
be greatest with a short lever, prodding all other dimensions 
remain unchanged. 

Theoretically this is not open to (juestion, but we will 
proceed to demonstrate it experimentally in accordance with our 
unvarying rule. 

In order to do so, before each experiment we placed the 
escapement arm in equilibrium in the position indicated by 
fig. 1, plate VL, that is to say the middle points of the pallets 
were in a vertical line, and then, after drawing the arm v bd 
backwards to the requisite distance, the tooth 7i was jdaced suc- 
cessively against the extremity of each incline. The arm was 
caused to move from left to right by a weiglit in the balance-pan 
T suspended by a thread which, after passing over a pulley 
was fixed to y. 

The incline be moved the tooth when a weight of 20 
grammes was applied. 

The incline fy required a weight of 35 grammes. 

The arms a n and a s are to each other as 1 is to 3. 

The forces required to set them in nujtion are as 20 : 35 
or 1'71 : 3. If the pressure were the same on the two planes 
these forces would be exactly as 1 is to 3. 

It is thus demonstrated that the friction is more intense 
with the plane ^ (?. This result, which we foresaw and could 
easily have been deduced from the law of the inclined plane, 
proves that the increased pressure is favourable to the movement 
of the lever when this is impelled forward by the tooth, whereas, 
when the pallet forces the wheel backwards, the excess of 
pressure becomes an obstacle to the motion of this pallet. 

Note on the last Experiment. 

619 . — The result of this experiment should be carefully 
noted by watchmakers. 
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Very many mistakes, that are accepted as truths in the 
workshops and in the great majority of books treating of Horo- 
logy, result from the application of the false rule which asserts 
the extent of the acting surface to be a measure of the amount 
of friction. 

When only the extent of this friction is taken into account 
any estimate of its value will in most cases be an exceedingly 
rough approximation. It is impossible to ascertain the force 
absorbed by friction if its intensity, that is to say the pressure, 
is not determined, or, when this is variable, the several pressures 
under which friction occurs (:J7). 

We have just seen a striking instance of this ; a much 
greater amount of force was absorbed by h c notwithstanding 
that its surface is considerably less than that of ij. 

KCSISTAXCC TO 

Unlocking without Recoil. 

020. — When the wheel rests on a surface concentric with 
the axis of rotation of the locking piece, the resistance at the 
unlocking is })roportional to the radius of rest. 

It would be only necessary to repeat here the demonstra- 
tion given in article 235 and the following : we therefore refer 
the reader to it, 

Since, when the rest occurs on such a concentric surface, 
the pressure is uniform, the energy lost by the balance during 
the unlocking is proportional to the extent of acting surface. 
This loss of energy in a detached escapement is unimportant, 
but if the resting point is not absolutely stationary the resist- 
ance to unlocking is variable. 

631. — While laying down this principle, which, in the 
present instance at least, hardly seems to require proof, namely, 
the principle that the balance loses more energy of motion ac- 
cording as the period during which it is opposed by the pressure 
of the wheel during rest is the more prolonged, we would point 
out that we hardly insisted upon this enough when discussing 
the escapements with frictional rest. 

In that case, with a definite impelling force, the momentum 
lost by the moderator varies with the extent of friction during 
rest. Hence it necessarily follows that the movement of the 
escapement becomes more and more sluggish as the extent of 
this friction is increased. 
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ITnlockinfc with Recoth 

633. — The resistance opposing the motion of the balanco 
when the unlocking occurs is, with a straight locking plane, de- 
pendent on (1) the inclination of the plane ; (2) the extent of 
its acting surface ; (3) the virtual length of the lever by which 
it is set in motion ; (4) the velocity of translation of the plane ; 
and (5) the direction of the pressure. 

Let us first consider two cases in one and the same escape- 
ment where all the conditions remain constant except two : the 
inclination of the plane and the depth of the wheel. In the first 
of these the lengths of the irictional surfaces remain the same 
but the inclinations are different ; hence the amount of recoil 
will vary. 

In the second the extent of this surface varies for the same 
angular movement of the escape-wheel backwards ; the recoil, 
then, is invariable. 


Inclined locking faces of the same acting length. 

633. — In fig. 2, plate VI., consider a tooth of the escape- 
wheel as first acting at the point d and afterwards at /. 

The extreme length of the arm of rest is J m ; let this be 
110 millimetres. 

Assume that 5 is equal to b /, and the arc c is half the 
uxc c f. Hence it follows that the recoil due to the plane b f 
is double of that which results from the displacement of b d. 

By construction (neglecting small fractions) we have : 


M b 

equals 

110 millimetre.s 

gk 

?? 

102 

3) 

i k 


100 

93 

a d 

jy 

45 

33 

nf 

yy 

43 

33 

5 n 

39 

20 

93 

d a 

33 

15 

33 


It is almost unnecessary to observe that the extreme radius 
of rest b H remains constant, since its fixed point m is unchanged 
whatever be the inclination of the plane, whereas the virtual 
power lever (that is, the distance between the centre of move- 
ment and the middle point of the acting inclined surface under 
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consideration), which gives a measure of the force effecting the 
translation of the plane, varies with each re-adjustment of the 
inclination. 

In the cases we are considering the two virtual levers g k 
and i k are to each other as 102 : 100 ; the force exerted is 
inversely as these numbers. 

Hence the force acting on ^ / is slightly in excess. 

As will be evident, this excess is almost inappreciable ; so 
with a view to simplify the succeeding argument we wdll, for 
the present, assume them to be equal and endeavour to ascertain 
the amount of resistance to be overcome. 

Taking the two planes b d^b f, and dividing their base by 
their height, wo have : 


a d 
a b 


or 



• 00 . 


f 4;>, 

nb 20 


0.1 n 


So that, when the planes arc impelled with the same force, 
if one, b d, is capable of overcoming a resistance of 300 
grammes, the other b f can only counteract a resistance of 215 
grammes, or just over tw’O-thirds the first amount. 

624. — ^We have assumed the two forces to be equal, but 
that acting on i / is known to be slightly the greater. This 
difference of about ^th the total amount will only very slightly 
influence the result obtained and the conclusions we shall draw 
from it ; as in the preceding part, moreover, we shall continue 
to deal writh round numbers exclusively. If it were our intention 
to give accurate figures it would be essential to take account of 
minute differences in the velocity of translation, etc., etc., and 
this would involve elaborate calculations with no corresponding 
advantage, for we only require to demonstrate that : 

While retaining the same extent of acting surface, if the 
inclination of the plane that produces the recoil be so far altered 
as to occasion twice the amount of backward movement, the 
motive force will require to be increased to nearly a third as 
much again ; 

And it must be further observed that : 

Since the angle db n 71“ and / ^ « is 65“, the difference 
between the two inclinations is little more than one-thirteenth of 
the angle /i «, whereas the difference between the two forces 
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that impel h d and h /amounts to at least five-thirteenths of the 
lesser force. 

These two propositions being granted we may conclude that : 

035 , — The resistance due to recoil (when the length of acting 
surface remains unaltered) will vary inversely with the inclination 
of the plane producing recoil^ hut its increase will he much more rapid 
than the corresponding decrease in this inclination. 

For the present this is all we need prove. 


Inclines producing equal rccoiL 

020. — ^Let us compare the resistances opposed to two straight 
inclined planes with acting surfaces of unequal length, when each 
communicates the same angular backward motion to the wheel. 

Assume f g (fig. 3, plate VI.), the interval between the two 
concentric circles fu,ya, to accurately represent the amount of 
recoil of the wheel due to the displacement of the two planes 
M g, M H, from a towards g. 

The two resting points are at n and g. 

The points of application of the force are at h for the plane 
M n and at a for the plane m g. 

p M is the extreme radius of rest. 

Hence, neglecting fractions, we have : 


p M is 80 millimetres. 


P b 

?? 

70 

yy 

p a 


67 

yy 

dg 

J) 

36 

yy 

d M 

V 

24 

yy 

c n 

jy 

19 

yy 

C M 

yy 

17 

yy 


Dividing the base d ^ by the height d m, and the base c « by 
the height cm; 


dg ^ 

rfM ~2i 

c n 19 

c M ~ 17 


=-1-50 

= 1-11 


From which it is evident that, when acted on by the same 
force with its point of application at a or h, the plane m g would 
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overcome a resistance of 150 grammes, whereas the other m n 
would only correspond to 111 grammes. 

But the lengths of the two virtual levers v a, vb, are to each 
other approximately as 22 is to 23, so that the plane m g will 
neutralize a force somewhat in excess of the calculated amount. 

The angle ^ m is 56® and « m c is 50® ; these inclinations 
differ by about one-tenth, whereas the forces that would set them 
in motion differ by nearly one-third. 

627. — Here, as with unequal recoils (625), the resistance 
due to recoil with the short plane increases much more rapidly 
than the inclination of this plane diminishes ; but it would 
appear that the force necessary to overcome this resistance must 
be reduced by two circumstances that are disregarded in the 
illustration of article 623. 

We must, in short, take accoimt of : 

(1) The diminution in the acting surface ; for m n is little 
more than half of m y ; 

(2) The comparative smallness of the angular motion of 
the plane m « ; for it is represented by m p s, an angle which 
is exactly half of m p / or the angular movement of the 
plane m g. 

Hence it follows that the geometrically calculated resistance 
of the plane m n exceeds the real : 

(1) By about half the force converted into friction on y w ; 

and, 

(2) By about half the force absorbed when the duration of 
action is, approximately, doubled. 

It is quite unnecessary to demonstrate the general pro- 
position that the momentum of an oscillating moderator, 
whether pendulum or annular balance, will fall off to a less 
extent according as the period during which it remains in 
contact with any obstacle pressing on its axis is reduced, and as 
thejrictionel surface is reduced. 

628. — To sum up : — When the motive force and the angle 
of recoil of the wheel are given, a reduction in the extent of the 
acting surface of the plane will, under the given conditions, 
produce 

An increase in (1) the resistance opposed to the plane; and 
(2) the length of the virtual lever impelling this plane. Both 
these will cause a loss of energy. Also 

A diminution in (l)thc extent of acting surface; and (2) the 

24 
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duration of the action. These effects will tend to maintain the 
energy of the moderator unimpaired. 

By proj^erl}’ combining these elements it will be possible 
to ensure that the increase in the steadiness of the locking part 
is proportionately greater tlian that of the force. 

A glance at the lines gy, nz(6g 3), indicating the direction 
of the pressiu'cs, will prove the truth of this fact ; but, after all, 
the advantage secured is of little moment. The existence of 
drato it is true is more certain with the incline M n than with 
M y, but the displacement of m » requires a rather heavier 
moderator and the friction will therefore be the more intense, etc. 

We have then not yet arrived at the final solution of the 
problem, but Ave shall shortly do so. 

Draw. 

629.— At the outset let us carefully explain the reason for 
so arranging tlie resting planes that they cause the wheel to 
recoil on unlocking. 

In other Avords, Avhat is the object of draw (called in Irench 
tirage) ? 

Merely to secure the steadiness of the part, whether it be 
IcA^r pallet or detent, on which the escape-wheel rests after 
haA'ing given an impulse to the balance, and, while holding the 
mobile against its banking, to prevent any displacement save 
during the lift. 

If it were otherAvise, besides the danger of interfering con- 
tacts, the wheel aa'ouM fall against A'arying points on the locking 
part, and the resistance to unlocking would become still more 
irregular. 

The necessity of draw being granted, what conditions 
should it satisfy ? 

Clearly the tAvo folloAving : 

It should secure constancy in the position assumed by the 
locking part ; 

And it should reduce the force required for unlocking to a 
minimum. 

Hence if it be found that soA'^eral inclines satisfy the first of 
these conditions to the same extent, we must select that plane 
Avhich presents the least surface of friction and requires less force 
to accomplish the unlocking than any other. 
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The plane which ensures a locking and oflTers a minimum 
resistance to the moderator. 

630 . — Consider again fig. 3, plate VI., and let us assume 
that the plane m y, when pressed upon by a tooth at secm-es 
perfect stability of the locking part of the escapement. 

The dcmonsti’ation would be identical were we to take the 
plane m w, and we merely select m g in order to avoid the confu- 
sion which would otherwise occur amongst the lines. 

The centre of rotation of the tooth acting at the point g 
will be at o, and g x will represent the direction of pressure. 
As.sume the line g x to represent this force in magnitude as well 
as in direction ; it must, then, be the diagonal of a parallelogram 
gvzi, in which v x gives a measure of the amount of force tend- 
ing to cause a rotation round the axis P, in other words, the force 
by which tlio locking part is held against its banking. 

Now move the centre of the wheel from o to o'. The 
circumference will be indicated by the circular arc t h. On this 
arc take a point h to the left oiug ; join h m, h o', and draw hy 
perpendicular to the extremity of the radius o' h. 

The plane M h thus obtained will satisfy the conditions of 
the proposition. 

For h y (which we may take to be equal to g x, notwith- 
standing a slight change in the friction at the pivots of the 
escape-wheel) gives a measure of the force both in magnitude 
and direction and is the diagonal of a parallelogram hvyr. 
The sides p ?/, p h, are proportional to the two resolved parts of 
this force. But it is evident that this ratio is practically the 
same as that existing between v g and v x. 

Hence we see that the steadiness of the locking part is 
guaranteed just as well with the tooth at h as at g. As regards 
this point, then, we may consider the two conclusions to be 
identical, but there is, on the whole, an advantage in using the 
plane m A, since it requires a less unlocking force. 

The demonstration of this simple fact we leave to the 
reader ; we have already said enough to enable him to prove it 
from theoretical considerations. 

631 . — Hence, if any locking planehc specified, it is possible, hg 
reducing the surface of friction and adopting a certain inclination less 
than the first, to fix upon a new locking plane possessing all the 
advantages of the initial plane and, at the same time, involving the 
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expenditure of less force in the. unlocking. (It will, however, bo 
necessary to move one of the centres of rotetion.) 

Where then is the search to end ? It is impossible to fix a 
limit a priori; all we can at present say is that ih^e is an 
advantage in reducing the amount of acting surface^ under the above- 
mentioned conditions, so long as the requisite freedom of the pivots is 
maintained and an absolute certainty in the several workings is 
guaranteed. 

Note. — One consequence of these considerations is that the 
locking might be caused to take place against an element of a 
circular arc, the steadiness of the part being unimpaired ; but in 
that case the point of application of the pressure would fall very 
short of the tangential position, and it is well known that the 
usual argument in favour of a circular form concentric with the 
axis is based on the assertion that such a system enables us to set 
the escapement tangentially with ease. 

EXPERIMENTS. 

PIBST EXPKBIUBNT. 

632.— I have constructed the apparatus shown in fig. 4, 
plate VI. It consists of a lever b d supported on pivots at e and 
carrying at d n a steel sector a which can be rotated if required 
on a fixed point n, and fixed in any desired position by a 
clamping screw. The inclination of the straight face a » is thus 
variable. The zero point of the scale is given by the chord n a 
of the circular arc nj a described from the centre of rotation c. 

The face i « is curved, so that by inverting the sector this 
face becomes concentric with the centre of movement of the 
lever. 

After balancing the lever by means of small washers held on 
s, the extremity j of an escapement arm (corresponding to the 
escape-wheel tooth), impelled by a weight, is brought in contact 
with the face a n, and a small balance-pan attached to d is 
loaded until the arm c d leaves the stop k and overcomes the 
resistance opposed by the toothy’; the weight of /must betaken 
into account. 

We have obtained the following results with this instrument : 
the pressure of the tooth j was produced by a weight of 100 
grammes acting at a distance of 17 millimetres from the centre 
of rotation. 
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The pan f was gently checked in its descent in order to 
ascertain the point of maximum resistance, thus finding what 
was the greatest amount of force necessary to disturb the 
equilibrium by successive trials of all the points on the surface 
a n; and, in round numbers, the release took place when the 
following loads were applied: 


Acting Surface. 

Position of tlic Incline. 

Load. 

28®“* 

10"-' 

8 grammes. 

28 „ 

20'-' 

12 „ 

28 „ 

80° 

16 „ 


And when tho pan was liberated immediately on being 
-charged : 

Acting Surface- Position of the Incline. Load. 



10° 

5 grammes. 

28 „ 

20° 

8 „ 

28 „ 

30° 

11 M 


The zero point, from which was measured the position of 
the incline, was the chord a n oi the arc a j n struck from the 
■centre ; measuring the angle enclosed between the inclined plane 
and the line « c in the several cases, we have : 

The inclination of 10° corresponds to an angle of 65°. 

90 ® 

,, fj -iU J, ,, „ O-J . 

45° 

>f « ?> » >> • 

It thus becomes evident that the resistance to unlocking 
increases in a far more rapid ratio than the angle of inclination 
to the radius diminishes (625). 

SECOND BXFEEIUENT 

633 . — In the experiments wo now proceed to discuss, the 
amount of the pitching of the wheel with the incline was altered 
by moving tho axis of rotation of the lever, whose extremity is 
seen at j, up or down in a vertical direction. 

The pan was gently checked in its descent and the unlock- 
ing occurred with the following weights applied: 


Aotinfr Surface. 

Position of the Incline. 

Load. 

28—. 

10^ 

8 grammes. 

14 „ 

o 

o 

10 „ 

7 „ 

80° 

13 „ 
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Or, setting the pan free at the instant of charging : 

Acting Surface. Position of the Incline. Load. 

28““- 10'' 5 grammes. 

14 „ 20 ° 9 „ 

7 „ 30 ° 12 „ 

From the preceding article we know that 
An inclination of 10" corresponds to an angle of 65° 




20 ° 


00” 


,, ,, 30° 4o . 

And from these last experiments we see that, not only the 
resistance increases much more rapidly" tluin the angle decreases, 
as in the former ettse, but the advanttige secured by reducing 
the frictional surface and the angle of inclination is more than 
counteracted by the resistance opposed by a virtual lever that 
is a little longer at the outset (02H). 


THIED FXrEBlMENT. 

(»34. — This was made in accordance with the conditions 
indicated in fig. 3, plate VI., only considering the planes m 
M h. The centre of the wheel required, therefore, to bo 
displaced in a vertical direction. 

ActiLg Surface about Position of the Incline. Load. 

18^ 11‘0 grammes. 

10 ° 7-5 „ 

These results prove a fact of which we were already fully 
aware, namely that a less force is necessary to effect the unlock- 
ing when the plane M A is employed, but it still remains to be 
experimentally demonstrated that the pressure of the tooth at 
the point h secures the steadiness of the locking arm as perfectly 
as when the pressure acts at 


rorUTH EXPEEIMENT. 

035. — When a locking arm is hold at rest by a tooth of the 
wheel, it can only be displaced by a blow or by roughly shaking the 
mechanism. Remembering this fact, we experimented as follows : 

When the lever d d (fig. 4) had been set in equipoise on 
its axis, the tooth j was brought to act against the face n a 
successively under the conditions indicated by m h and M ^ in 
fig. 3. The pan / was now charged with gradually increasing 
weights, which however were never sufficient to cause a move- 
ment of the lever from its position of rest. After each addition 
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to the load the support of the apparatus was made to shake Ijy a 
violent blow ; at times tlicre was only one such blow and at 
other times there were several in succession. 

The three following combinations were obtained by 
vertically displacing the centre of movement of the tooth and 
by inclining the plane n a towards h j the first corresponds to 
M g and the third to ji li : 

1st Combination. Acting Surface about 27““- Position of the Incline 16'^ j^^uccessive charges 

2nd „ t, ,t 20,, „ t 1, 2, 3, 4 grammes. 

3rd. ,, „ „ lb,, „ ,, 10^ J 

With a load of one gramme the shaking of the support 
produced no effect. 

With ttvo grammes there was no disturbance in the 1st and 
3rd combinations. But in the 2nd the arm was just caused to 
come away from the stop (or banking) k. 

With ihree grammes, the arm c cl and k were, in the 1st and 
3rd cases, separated by an interval of two inillimetros but never 
more; in the 2nd case the interval amounted to three millimetres. 

Finally with a load of foitr grammes, the separation 
amounted to 4mm. in 1 and 3 and much more than this in 2. 

It is thus seen that combinations (of inclination of plane and 
direction of force) numbers 1 and 3 maintain equally well the 
steadiness of the arm b d. 

Resistance to disturbance ivlicn the resting surfaces are concentric. 
We cannot better conclude this series of exjjerimcnts than by 
ascertaining what degree of steadiness can bo secured in the 
escapement arm when the circular form is adopted. 

After inverting the sector A and fixing it in such a position 
that its curved face b p n forms an arc of the circle described 
with radius c a, the tooth j was brought to act at the point u 
(which is the tangential position or very approximately so), and 
experiments similar to those explained above were made. 

The pan / was successively charged with 1, 2, 3, 4, deci- 
grammes. 

With a load of one decigramme no disturbance occurred. 

With two decigrammes the arm c d moved between one and 
two millimetres from the stop k ; wiih three decigrammes it 
moved very nearly four millimetres, and with a load of four 
decigrammes the interval exceeded seven millimetres. The 
resistance opposed to disturbing influences was then about im 
times less than in the fourth experiment above. 
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We thus see that by giving a circular form to the resting 
surfaces in detached escapements, the steadiness during rest 
heeomes much less certain than with an inclined rectilineal form. 

The above applies to the case of a tangential escapement ; 
the note at the conclusion of article G31 must not be overlooked. 

The period of an oscillation will clinnsewith any s'ariation 
in the length of the escapement arms. 

636* — We always assume that the lifting angle and the 
motive force remain unchanged. 

It has been shown in 235 and the follounng articles that 
by increasing the radii of resistance the friction is made greater, 
so that the motion of tlie moderator is impeded. 

An analogous demonstration would serve to show that, in 
a detached escapement, the resistance during unlocking increases 
as the radius of rest is made longer, and that this case only 
differs from the escapements with frictional rest in the actual 
amount of the resistance. 

Since the effect of increasing the length of the locking arm 
is to check the movement of tlie moderator, and shortening it 
has a converse effect, it will be necessary, as with the former 
class of escapements, to determine the one length of arm with 
which these tAvo effects compensate one another or, at least, 
nearly do so, and then the moderator, when acted on by the 
escapement, Avill behave precisely as when it is isolated and 
oscillates freely. (This double effect cannot be secured with a 
balance or pendulum that is too light.) 

637* — A remark of some importance, bearing on both 
classes of escapements, may conveniently be made here, espe- 
cially as it meets an objection that has been urged. 

Do Ave assert that the length of these arms is invariably 
fixed at the point thus determined upon by theory? This 
subject is very complicated and wo shall have occasion to revert 
to it; but Ave can partly anticipate the subject and at once 
state that it is, if the freedoms are adjusted with almost absolute 
accuracy, the workmanship as nearly perfect as possible, and if 
the pressures, being greater with short arms, do not exceed the 
resisting poAver of the materials employed ; and that it is not in 
the conA'crse case : the I’esult will be that the touching surfaces 
are distorted, etc., and irregularities in the rate of the mechanism 
necessarily folloAA% 
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638. — In the ahovo discussion wo liaye disregarded the 
presence of the balance-spring in pocket timekeepers. But we 
have already seen in articles 202 and 365 that the introduction 
of this element leads to results that are a])parently contradictory. 
AfparenUy for, so far from indicating any error in the theory, 
they confirm its accuracy and prove, as we have already seen 
and shall also subsequently demonstrate, that, by approximating 
in actual practice to the theoretically correct proportions, the 
period during which the regulator, whether it be a balance- 
spring or a pendulum, maintains its perfect isochronism becomes 
more and more prolonged. 

The useful effect of the Impulse varies with the height of 
the incline by which the motive force is transmitted to 
the moderator. 

(i39. — It appears unnecessary to repeat the argument con- 
tained in 347 and the following articles. Wo will only refer 
the reader to it since it is sufficient to establish the accuracy of 
the above proposition. 

Wo would, however, add a few words. 

All our discussions there had reference to an impulse plane 
of practically constant length, for, if the nature of the escape- 
ment enabled us to alter tliis length at will, we might, in most 
cases, secure the same amplitude of oscillation of the moderator bj 
compensating for any loss of force by a more prolonged action. 

But we assume the reader to be sufficiently cognizant of the 
principles of the subject to render further remarks unnecessary. 

There is only one degree of inclination of this incline that 
secures the greatest extent of motion ivith the greatest 
regularity. 

U40, — This proposition is equally applicable to the two 
classes of escapements we have so far considered, so that the 
reader need only refer to articles 251-9 for a complete proof of it. 

Any change in the dimensions of the moderator Involves a 
change in the proportion between the Impulse and 
liOekliig Arms. 

041, — The movement of the moderator is occasioned by 
the difference between the impelling and unlocking actions. 
In short, it is measured by the excess of power over resistance ; 
just as in the case of frictional rest escapements, except that the 
resistance has not the same value, for in one case it lesults 
almost entirely from a continuous pressure and in the other 
from an impact. 
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The demonstration contained in 260 and the following- 
paragraphs is also applicable, with the reservations given below, 
to the escapements now under discussion, but the reader must 
mentally substitute the expression “ resistance to unlocking ” for 
“resistance caused by friction on the resting surface.” 

DilTercuce between the mode of notion of the Restini; or 

liOckin;; arms in tlie two elnsses of Ksenpemenf s. 

042. — We have just drawn attention to the very different 
character of the resistance Avhich j)reccdcs each fresli impulse in 
detached and frictional rest cscapcnients. 

It ■will be well to further discuss these differences, as they 
arc of very great importance. 

Escapements regulated by a Pendulum. 

643. — First consider tlic escapements used in clocks anc’ 
regulators, taking Graham's as an examjilo. 

If experience did not clearly prove; that with such an escape- 
ment we secure isochronism in the oscillations of the inoderator, 
the mere fact that we have shown the possibility of causing the 
ratio between the impulse and the resistance due to frictlf)n on 
the resting surfaces to vary at will, would show that, though 
not easy, it is at any rate possible to jn-ove theoretically the 
existence of isochronal oscillations. 

644. — But such is no longer tlie case if, instead of 
Graham’s, we employ a detached escapement. 

Let us proceed to examine what would occur on increasing 
the motive force ; we are suddenly brought face to face with 
three sources of irregularity that would effectually prevent any 
isochronism being established and maintained in the movements 
of the moderator. 

A more efficient impulse applied to a detached 
pendulum will cause it to perform longer arcs of oscillation ; 
and with such a free moderator the long arcs of vibration will 
be slower than the short arcs. 

Second. The unlocking is accompanied by an impact which 
is dependent on the energy of tlie pendulum, varying with any 
changes that may occur in its amount. This pendulum, more- 
over, is opposed by a weight or spring whose resistance may bo 
influenced by several causes. 

Third. Finally, the augmented resistance to unlocking, 
erroneously regarded as balancing the increased motive power, 
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is not only insufficient from the outset for this purpose, but, as 
we shall presently show, changes with time in a manner very 
different from the progressive falling off in the motiveforce ( 647 ). 

The resistance accompanying this unlocking is in an almost 
constant state of change, and any regularity that a practically 
invariable impelling force might secure is thus lost. 

645 . — Hence the following demonstrations lead us to 
conclude that, although a form of frictional rest escapement has 
been arrived at in which the powers and resistances are favour- 
ably balanced for timing under a varying motive force, the same 
has not been done for the detached escapement used in 
regulators ; such an equilibrium has not, as yet, been secured in 
it, nor has it been possible to obtain such accurate results. The 
reason of this is that in this form of escaj)ement conditions exist 
which increase or diminish the influence of the moderator, 
sometimes tending to help the escape-wheel and at other times 
working in opposition to it. 

Escapements with the annular balance. 

646 . — All the above remarks would be equally applicable 
to the detached escapements used in portable timekeepers were 
it not that in the balance-sj^ring they possess an element of 
regularity that is wanting in clocks. The existence of this one 
clement changes all the conditions of the jiroblcm as we shall 
presently show. 

Tbc ratio betiveen the Inipelline force and the Resistance 
on the resting i^iirfuce elian;;es with time. 

(Applicable to all Pcad-Bcat Escapements.) 

647 . — This branch of the inquiry is entirely new. To the 
best of our knowdedge the question has not been previously dis- 
cussed by anyone, and its explanation will make evident the 
causes that give rise to phenomena hitherto unexplained in con- 
nection with practice and observation. 

The majority of liorological authors, as well as most watch- 
makers who have studied the subject experimentally, consider 
the correcting influence which the dead-beat escapement has orr 
the inequalities of motive force to be due to the fact that an 
increase of force accelerates the vibrations of the moderator, 
while the pressure on the locking part, or the resistance to un- 
locking, being also augmented, reduces this excessive velocity.” 

This explanation, which is incomplete and therefore 
erroneous, would lead one to suppose that with any variation 
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in the motive force the energy of impulse and the pressure on 
the locking face increase or decrease together just as the force 
itself does, but this is not the case. 

Before proceeding to give a theoretical demonstration, wo 
will, according to our usual practice, refer to certain confirma- 
tory experimental evidence already known to our readers which 
would be sufficient for many of them ; we are, however, anxious 
to leave no doubt whatever in their minds. 

648 . — Gradually increase the motive force of an horological 
appliance provided with an escapement, and a point is nearly 
always reached at which the mechanism stops. 

It is manifest that if the energy of the impulse, which at 
first is of course greater than the resistance to unlocking, were 
to vary in proportion to this latter, no point would be reached at 
which a setting occurred, but there would be merely an increased 
rapidity of movement. 

Remark . — Wo say that nearly always a point of setting is 
arrived at, but it is necessary that the balance be light rather 
than heavy. For a heavy balance acquires a considerable 
energy of movement when the force is increased, and this might 
break the pivots before the point was reached where the move- 
ment is paralysed by the pressure exerted on. its axis. 

649 . — Let us now proceed to the theoretical consideration 
•of the subject. 

In order to simplify it assume the force to be successively 
increased foiirfold. 

The laws of Mechanics show that the several j^rogressions 
will be as follows : 

The motive force successively 1, 4, 16, 64 ... . 

„ pressure ,, 1, 4, 16, 64 . . . . 

„ resistance to unlocking successively . 1, 4, 16, 64 . . . . 

,, energy of the balance ,, . 1, 2, 4 , 8 ... . 

It is thus seen that, whereas the resistance is quadrupled, 
the energy of the balance is only doubled. It must therefore 
follow that, although at first the energy of the impulse was con- 
siderably in excess of the resistance to unlocking, a point is 
ultimately reached where they balance, and then the motion of 
the moderator will cease. 

650 . — In following this subject more into detail we shall 
meet with one element of the problem of the determination of 
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the proper weight of balance as well as of the motive force best 
suited to a given mechanism. 

051. — The initial ratio between the impulse and unlocking 
will be modified by time, since the force acting on the escape- 
ment diminishes as the oil on the pivots becomes thicker. But, 
theoretically, the change will be the inverse of what is indicated 
above, that is to say the force of unlocking will only be reduced 
one half when the motive force becomes less by three quarters. 

We say theoretically because, as will be gathered from the ex- 
periments presently to be described, the figures are not absolutely 
correct, and the presence of this oil on the balance pivots, the 
resting surfaces and the pallets of the escapement modifies the 
proportions. This action may, in the case of timekeepers for 
general use and with escapements such as Graham’s, amount to 
a species of compensation, more or less effectual according to 
the quality of the oil. 

In the case of chronometer escapements we arc not possessed 
of sufficiently accurate data to determine the value of this in- 
fluence and its effect on the rate. 

The ratio between the Impulse and Unlocking will be more 
or less Influenced by time according to the length of 
balance-spring employed. 

(Applicable to Dead-Beat Escapements generally.) 

652, — As with the above discussion, this subject is new. 

The energy of the balance in virtue of its motion may be 
regarded as a product of its mass into the velocity it possesses 
at the moment under consideration ; that is to say, when the 
unlocking commences. Such an assumption, it may be observed, 
appears to us to most nearly approximate to the truth, and to 
be best borne out by experiments. 

This velocity of the balance after the reversal of its motion 
IS closely connected with the gradual increase in the tension of 
the balance-spring. 

In every balance-spring, providing it is perfectly even and 
homogeneous throughout, there is one length which gives iso- 
chronous vibrations of the balance, that is to say each vibration, 
whatever its extent, occupies one and the same period of time ; 
this fact was discovered by Pierre Le Roy. Beyond that point 
the long arcs require more time than the short arcs, and when 
any less length is taken the reverse is the case. 

653« — With a view to simplify our explanations let us assumo 
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that three lengths of a certain balance-spring wlicn tested have 
given; 

The first, long arcs half as quick as the short arcs ; 

The second, long and short arcs isochronous ; 

The third, long ai'cs twice as quick as the short arcs. 

Represent the mass of the balance by 1 and multiply this 
imity by the velocity possessed by the moderator at the end of 
long and short arcs ; we shall find that the energy increases or 
decreases very nearly in the following pro})ortions : 

With the 1st balance-spring as 1:4:16 
>? o ■Snd ,, ,,4:2:1 

„ ,, 3rd „ 16 : 4 : 1 

That is to say, speaking generally, wdth the first .spring the 
energy of the balance (as compared with the force e.xerted ondhe 
escape-wheel at different periods) will gradually increase with 
time ; 

With the second (isochronal) spring it will diminish in a 
certain ratio ; ^ 

And, finally, with the third, it will diminish in a very much 
more rapid proportion. 

654 . — The length of the balance-spring is, so to speak, one 
factor in the timing. The great difficulty of this operation lies, 
not in securing a certain rate at the time but in making sure that 
ibis rate shall he maintained in future. 

We were, then, justified in saying that the discussion, so 
often carried on between the advocates of long and short balance- 
«priugs, could lead to no useful conclusions. An escapement 
wants neither a long nor a .short spring ; in other words it docs 
not require a spring chosen solely with a view to the extent of 
the arcs of vibration or the range allowed by the curb pins, but 
what is imperatively necessary is a balance-spring of one definite 
length, adapted to neutralize the modifications that time effects 
in the going of the escapement. 

655 . — This novel law, for we look upon it as such since 
“the rules observed by springers for ensuring the rates of their 
chronometers are utterly empirical, will suffice to account in a 
very simple manner for the so-called peculiarities observed in 
the rates of chronometers. It will to a certain extent explain 
why at sea equal success has attended the use of chronometers, 
some of which were provided with perfectly isochronal springs 
while in others the springs occasioned very grave differences 
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between the long and short arcs ; and, lastly, why springs are 
equally serviceable whether their fixed points are at the 
extremity of a diameter or are brought near the centre by 
curving the extremities, etc. It will, moreover, explain one of the 
circumstances that led makers to deviate from perfect isochronism 
in chronometer springs so that the short arcs are slightly accele- 
rated, the practical utility of which they had been led to discover 
by experience. 


EXPEEIMENTS. 

riBST EXPSBIUBVT. 

656 .— -Those of our readers who are sufficiently advanced 
in the mathematical sciences will be satisfied by the above 
reasoning. In the interest of those who are less favoured 
we will resort to experiment : it always yields valuable informa- 
tion to those who know how to employ it aright. 

We will again employ the apparatus described in article 
632 and represented in fig. 4, plate VI. Remove the balance- 
pan / and effect the unlocking by the fall of a weight perpen- 
dicularly on the point s. 

Knowing the height through which the body falls we shall, 
by means of the law of falling bodies in vacuo ( 126 ), be able to 
ascertain the velocity at the moment of impact, and the law of 
instantaneous forces will give the energy of the blow. 

The figures obtained will not be absolutely exact : since 
the weight is hollow'od out in the form of a bell so that it may 
strike with its centre of gravity and remain suspended on the 
pointer s, it must necessarily follow that the air collected in the 
cavity slightly modifies the theoretical conditions of the fall; 
but the results arrived at will be sufficiently near since they are 
only employed to demonstrate the proposition to watchmakers 
who are but slightly familiar with the law's of ]\Iechanics. Those 
possessed of a good theoretical knowledge w'ill, as w'e have 
already observed, not require the evidence of these experiments. 

The follow’ing results have been obtained : 

When the lever d d was evenly poised on its pivots, the 
tooth j was placed in contact with the plane a « just above the 
point », care being taken that the inclination of this plane was 
sufficient. It will be remembei’ed that the pressure of the tooth 
can be increased at will, for it is produced by a weight sus- 
pended to a cord on the axis of j. 
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The falling weight, weighing 6 grammes, was suspended by 
a fine thread passing over a jjulley; the fall thus took place 
without shake on burning this thread. 

According to the law of falling bodies we should have, 
employing always the same weight : 

Height of fall, 1 ; — ^velocity, 1 ; — ^forcc exerted, 1. 

4 . o . 4 

The results actually obtained with the apparatus were : 

Height of fall, 10 mm. ; — resistance overcome, 59 grammes. 

}> 40 ,, 5 ,, ,, 116 ,, 

We thus see that about half the force exerted by the body 
at the moment of impact is without useful effect ; it is dissipated 
by resolution, elastic reaction, friction, generation of heat, &c. 
The actual effect may then be approximately represented in 
accordance with the law of momentum ( 135 ). 

SECOND EZFXBIHINT. 

057. — A wooden disc, bearing a small metal tongue pro- 
jecting from its edge, was supported on an axis and so placed 
that when caused to rotate the tongue struck the extremity d of 
the lever arm c tf, fig. 4. 

The tongue, being placed at an angular distance of 160® from 
the point d, was driven by a non-continuous blow produced by 
the fall of a mass pivoted at the extremity of a lever. 

Fall of this mass, 9 mm ; — resistance overcome, 70 ^ammes. 

5) J> j 55 55 140 ,, 

658 . — After verifying and noting these results, a thread 
was coiled on the axis and a balancc-pan containing a weight of 
1 5 grammes was attached to its extremity. The pan was arrested 
by a support just before the tongue came into contact with d. 

By moving the tongue backwards first through an angle of 
about 82° and subsequently through 330® the pan was made to 
fall through a distance of 8 millimetres in the first instance and 
32 in the second. 

Height of fall, 8 ; — ^resistance overcome, 35 grammes. 

55 55 > 55 55 140 ,, 

Here, then, the useful effect is proportional to the angular 
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path of the striking body and to the mass set in motion, that is 
the disc. These results tend to confirm the opinion that, practi- 
cally, the energy of a balance or its useful effect is most nearly 
expressed by its momentum. 

THIRD EXI'liniME-NT, 

659 . — Wo would, at the outset, observe tliat when the 
balance turns under the influence of the escape-wheel its power, 
as measured by the impact it would be caj)ablo of producing, 
depends on the energy of the imjjulse ; but during the return 
vibration its energy results solely from the influence of the 
balance-spring; this again varies in accordance with the 
amplitude of the angular movement of the moderator. 

660 . — The wooden disc carrying a metal tongue was 
replaced by a heavy balance, about 8 c.m. (3'15 ins.) in 
diameter, supported on fine pivots and provided with an 
isochronal balance-spring. 

The pin was at x, beneath the rounded corner of the ann d, 
fig. 4, plate VI., when the spring occupied its neutral position ; 
so that by moving the balance in the direction d r, the balance- 
.spring was coiled up ; the moderator, when released, rotated 
in the direction of the arrow, and the pin struck the arm d, un- 
locking the resting plane n a from the tooth J, providing its energy 
was sufficient. It Avill be rcmcinbered that the pressure exerted by 
this tooth is jiroduced by a weight that can be changed as required. 

The arc of lead, that is the arc through Avhich contact 
occurred between the jjin and lever arm, was 2C'2o‘’. If this 
amount bo subtracted from the total arc of vibration, wc know 
the extent of the free or supplementary arcs. 

AVc shall only consider a semi-vibration, that is the arc 
traversed on one side of the point of rest. 


Free Arc. Total Arc. Hesistancc Overcome. 

3‘75'' 30‘00" 30 gramme:-. 

7*50“ 33-75'* 60 

11*25“ 37-50“ 90 

15-00“ 41-25“ 120 ,, 

18-75“ 45-00“ 150 

22-50“ 48-75“ 180 

26-25“ 52-50“ 210 

30-00“ 56-25“ 240 

33-75“ 60-00“ 270 „ 

37-50“ 63-75“ 300 ., 
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OOlt — The figures given in this table confirm, in a remark- 
able manner, our theoretical conclusions: for it will be noticed that: 

(1) It is the formula for the momentum of a moving body 
that gives the nearest approximation to the energ}?" of the 
moderator, regarding it at the commencement of the unlock- 
ing. Thus the free arc of 37’5‘’, which is double the arc 
18'75“, overcomes twice the resistance ; and the arc of oscilla- 
tion 15“ is four times the arc 3 •75", and is capable of over- 
coming a weight four times as great, etc. (see 1309 ). 

(2) The progressing force of an isochronal balance-spring is 
perfectly uniform and in accordance with the Iuav enunciated in 
M. Phillips’ Memoir e sur le spiral replant: a law which asserts 
that, so long as no distortion occurs, the force exerted by the 
balance-spring is proportional to the angle through which the 
balance is moved. We thus see that when this angle is doubled, 
trebled, or quadrupled, etc., the moderator will overcome twicre, 
thrice, etc., the resistance : say, 120 grammes for every arc of 15". 

roCETn EXPEBIMKKT. 

663> — Having obtained a measure of the energy of the 
moderator when brought back by the balance -spring, we now 
require to know the force that sets it in motion, and the manner 
in which this force should increase or decrease so as to cause 
the balance to perform the arcs indicated above when impelled 
by the escapement arm. 

This problem is somewhat difficult of solution whether wo 
resort to calculation or experiment ; for with a given moderator 
united to a balance-spring, identical forces will, if the conditions 
under which the lift occurs be slightly varied, produce a suc- 
cession of supjfiemcntary arcs varying in extent. 

Remembering these facts and only considering the case wo 
have here discussed, the following is the manner in which this 
final experimental verification has been made and the results 
arrived at are also given. 

963. — I first arranged a straight lever, revolving on u 
pivoted axis so that one of its arms might bo acted upon by 
the pin of the balance while the other was charged with a 
variable weight. The latter arm was supported by a thread, 
and when this was released a rocking motion was imparted to 
the lever by the weight ; the balance thus received an impulse 
u.nd the lifting arc measured 22*5“. 

I next repeated the experiment employing another lever 
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with arms of different lengths that only acted on the balance 


through a lifting arc of 15®. 


664 . — First Lever. — Lift, 22‘5* 

• 

"Weights Employed. 

Arcs Traversed. 

15 grammes 

30-00® 

30 

41-25® 

50 

52-50® 

80 

63-75® 

125 ,, 

75-00® 

665 .—- Second Lever. — Lift, 15' 

> 

10 grammes 

30-00® 

23 

41-25“ 

76 

52-50® 

390 „ 

under 63-75* 

The lifting arc is included in 

these angles, for what 


require to ascertain is the distance traversed by the mark on the 
balance rim from the neutral point of the balance-spring ; in 
other words, we are considering the angular movement of the 
balance from its position of rest. 

666. — An examination of these two tables shows that: (1) 
In order to double the energy of a moderator when returning to 
accomplish the unlocking, it must have been acted on by more 
than four times the force, because, in addition to the resistance 
i )pposed by the mass to its motion, we have to take account of 
the increasing resistance of the balance-spring ( 651 ). (2) The 
rate of increase in the motive force (or its decrease with time) 
not only differ from the rate of augmentation or diminution in 
the energy of the balance, but the extreme limits of its varia- 
tions are dependent both on the extent of the lift and on the 
conditions under which it occurs. 

Experience confirms theory in this case also. 

To Determine tbe Size of the Dscape-wheel. 

667 . — As has boon shown in 366 and the following articles, 
the size of the escape-wheel is not a matter that can be left to 
chance. We need only refer to the discussion there given of 
the subject, supplementing it by the following additional 
observations. 

668 . — ^Assuming the size of the moderator, whether it 
is a pendulum or annular balance, to have been determined so 
as to correspond with the number of vibrations it is required to 
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with the demands of observation and correspond to the changes 
that are brought about by time. (See the Ai’ticlcs on Spriugiiy/ 
and Timing in the Third Portion of this work.) 

The above remark indicates the cause of the great diversity 
of opinion expressed by watchmakers who are engaged on the 
better class of watches and chronometers (ft55), and at the same 
time it explains the excellent rates of the chronometers by Ilsir- 
rison and the two first by F. Berthoud. They gave the longi- 
tude with sufficient accuracy at sea notwithstanding that tlu'ir 
balance-springs were not isochronal, at any rate in tin* sense in 
which wo now use the word, '^riiesc successes might liavc indi- 
cated even in their day that isochronism is not the on!}' basis of 
timing, and evidence of this fact has since bcci adduced. 

675. — And yet wo must add, in conclusion, that it a])pears 
to follow from careful observations, winch however are fev in 
number, that the rate of a chronometer l)ecomcs moi'c and more 
perfect and will be the more nearly the same after each (^Ican- 
ing of the instrument, according as the escapement permits the 
use of a more iierjecllg isochronous bahmcc-spring. 

Pierre Le Roy appears to have foreseen this relation betweer.' 
the perfectibility of timing and the close approximation of the, 
actual isochronism of the balance-spring to absolute isochronism; 
and we would here remark that the day is perha])s not far distant 
when horologists will acknoAvledge hoAv liopcful was the branch of 
inquiry opened up by the genius of this great man, and how much 
more fruitful of results it might liavc been if only followed up. 

On the toug;cntlnl rest and impulse in Detached 
Dscapements. 

676. — Our earlier studies and the above theoretical and’ 
experimental demonstrations suffice to proA’^e that there cannot 
be any condition so absolute as the so-called rule for making 
either the impulse or rest tangential. 

Any advantage attainable by such an arrangement must be 
considered secondary ; that is to say it is of less importance than 
those requirements to which we must necessarily conform, and 
Avhich, in the majority of cases, prove the tangential cscajiement 
to be an illusion. 

We will, then, merely draw attention to this subject hero, 
and we shall consider it in detail when determining the 
conditions that secure a proper impulse and steadiness of the 
locking arm in lever and chronometer escapements. 
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CHAPTEK I. 

Preliminary. 

677 . — I’ho IcvcT escapement cmj)loye(l in watclics is 
derived from the anchor dead-beat escapement used in clocks, 
and called Graham's escapement after its inventor. In order 
to ap])ly this latter escapement which only allows of very small 
.arcs of vibration, to the watch, it was necessary not only to 
alter its form but also to make the balance independent of the 
motive force except during the actual period of lift. 

Thomas ]\Iudge, a clever English watchmaker, was the first 
to satisfy these requirements, by an escapement in which the two 
lifts were equal and an impulse was given at each vibration of the 
balance. This he made prior to 1770, but a correct description 
Avas only published by his son in 1709, several years after his 
death. Robin, a French watchmaker, gave a description of the 
escapement that bears his name in 1793 ; in it each alternate 
A'ibration is duml. 

Finally in the museum of the Society of Arts of Geneva 
m.ay be seen a model of an escapement constructed in 1786 by 
Pouzait, a Avatchmaker of that city. In it the anchor is indepen- 
dent of the action of the balance during the supplementary arc. 

The modern lever escapement in Avhich the pallets and 
pivot-holes arc provided with jewels, may, if well made in con- 
formity Avith the principles of Mechanics, be considered to be 
the best adapted for ordinary use. It will go for a long period 
without Avear of the acting surfaces, only requiring simple 
cleaning from time to time and the renewal of oil when 
necessary. Its rate is equal to that obtainable from Avcll-mado 
duplex escapements, except in the case of carriage cloclcs, etc., 
where it is less satisfactory ; and amongst other adA'antages it 
has over the duplex, it is more solid, allows of arcs of vibration 
in excess of 360®, and does not require such absolute accuracy 
in its construction, although at the same time it must not bo 
carelessly made. 
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In spite of the excellent results that have been obtained 
numberless times with this escapement, w’hich we cannot think 
to be due to the workmen, for the most part ignorant, who 
construct and repair it, and although its peculiarities have been 
known almost since its invention, it has been but ill understood 
by a large number of watchmakers who have cither not sutli- 
ciontly experimented on the subject or have derived such 
knowledge as they jjossess from badl}' constructed escapements. 

Neither Antide Janvier nor Louis llerthoud seems to have 
thought much of this construction, a fact which may be par- 
tially accounted for, since the first of these occupied himsdf 
entirely with orreries, and tlie second Avith marine timekeepers, 
where the lever csca2)cment, excejjt in A*ery rare instances, is 
Tinsatisfactory. But it is not so easy to account for certain 
modem ideas on the subject and for a jjublislicd descrijition of 
the several escapements mentioning tlie lever as inferior to tlie 
verge. 

It is only fair to add that, although the rate of the lever 
is equal to that of the dujdex, it is not maintained for so long a 
jjeriod. The fonner is soon affected by oil, which has hardly 
any influence on the latter ; it is thus no uncommon thing to 
meet with dujilex watches that have gone for three years in all 
climates without ap 2 )reclablc variation, whereas we rarely see a 
lever watch maintain its rate for more than eighteen months at 
a time. The need of more frequent cleaning is not a sufficient 
reason for rejecting so excellent an arrangement, and Ave have 
already, while discussing the duplex, given leasons for prefer 
ing the lev^er escapement. It is possible, moreover, to ])lan it 
so as to be loss sensitive to the thickening of oil than is usuallv 
found to be the case. 


Denomination of the Several Parts. 

678 . — This escapement consists of : 

(1) The balance-staff. On this staff a steel disc (a, figs. 1 and 
2, jdate VII.), which is knoAvn as cither the roller or table, is firmly 
held by friction. This roller carries a small ruby-pin (o, figs. 
1 and 2) projecting downwards perpendicular to its surface; tliis 
is knoAvn as the ruby-pin or the unlocking pin. 

The staff itself (filled in by dotted lines h t) and the mode 
in which the roller is fixed are shown at fy, fig. ] . 
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(2) A pair of pallets movable on an axis and consisting of 
two arms or levers usually provided witli ruby (e, g, figs. 1 and 2). 
These arc distinguished as the engaging pallet, e, and the dis- 
engaging pallet, G. 

The parts ma,nc, of the pallets arc known as the loddng 
faces; and al, cJ, are the imvuhe planes, inclined planes or 
simply inclines. 

The forJ: or lever, which is merely a prolongation of the 
pallets towards F, or, as in English watches, a separate piece 
fixed to them, has two arms known as the horns or prongs i, J ; 
between these two and above the slot separating tliom is, in some 
Swiss watclies, a small prismatic projection r, generally termed 
the</< 2 ;-^, which is replaced in English lever escapements by a thin 
pin starting from the flat of the lever and called W\c> giiard-pin. 

Tlie portion h is merely to balance the fork so as to put the 
vdiole in equipoise. 

(')) A flat escape- wheel whose teeth arc sometimes pointed 
and at other times clubbed as indicated in fig. 2. In the latter 
case the extremity is formed into a short inclined plane. 

Action of tlic Escapement. 

fi79. — ^W’hen the mainspring of the watch is let down and 
the balance at rest with the balance-spring in its neutral position, 
the pallets, having no tendency to move, will remain in the 
position indicated in fig. 2, plate VII., being held there by the 
ruby-pill in the fork of the lever. 

Assume the tooth that first comes into action to be at n 

On winding up the mainspring, the wheel at once moves, 
turning towards the right. The tooth ii' is driven to ii, ad- 
vtniccs along the incline a b, and, after forcing it backwards 
.sufficiently, escapes as shown at k, fig. 3. This completes a 
lialf-lift, and the wheel falls against the locking face of the 
pallet o where the tooth is held (fig. 3 ). 

The motion of the pallet caused by the passage of tho 
tooth along tho incline is transmitted to the balance by the 
fork and roller action. The side r of tho notch, pressing 
against the ruby -pin o, drives it forward so that it escapes from 
the notch. A rotary movement is thus imparted to tho balance 
which is rigidly connected with the ruby-pin. 
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So long as the balance continues in motion entirely dis- 
connected from the rest of the escapement, the lever remains 
in contact with the hanking K (fig. 2), being held in that 
position by the pressure of the tooth m against the locking face 
of G (fig. 3). 

The balance under the influence of the balance-spring Is 
brought back on its patli, the pin enters tlie notch of the fork 
and drives the lever with it in consequence of the momentuni 
possessed by the balance. 

The locking of the wheel now tcrniinates because the tooth 
M (fig. 3), on reaching the edge of the incline .?• s, impels it 
forward, at the same time travelling along its .surface. This 
pressm’e, accelerating the motion of the lever, cau.ses the velocity 
to .suddenly exceed that of the roller by which it is impelled ; 
forcing this forward in turn, it restores to the balance! the energy 
necessary to maintain its vibration, and this is completed, as in 
the former half, in entire indc'pendence of the other parts of the 
escapement. After being brought back by the balance-spring 
it accompli.shes a fresh uidocking, and .so on through all tin- 
succeeding vibrations. 

Two di.stinct effects are produccid by the wheel; it performs 
the locking action, that is to say it causes a momentary stoppage 
of the train, and transmits the motive force to the pallets. 

The action of the fork may also bo divided into twn 
portions, the one active and the other passive : it is passive 
when impelled by the roller until the wheel is on the point of 
being unlocked, and activ^e when driving the ruby-])in and thus 
transmitting to the balance the force exerted by the wheel. 

Functions of the Eoller and Guard- Pin. 

680 . — ^An examination of fig. .3, plate VIII., shows that the 
horns of the fork are of no service in the mere action of the 
escapement, for the ruby-pin must jiass them without contact, 
being only required to touch the sides of the notch between them. 
They are, however, useful in i)rcvcnting the escapement from 
failing in its action through possible errors in its construction. 

Their external edges serve as a means of avoiding over- 
banking, since the pin will strike against them when the extent 
of the vibrations is excessive (a, fig. 3). 

The path of the lever, that is its angular movement 
between the two locldngs, is limited either by two bankings 
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(y, y', fig. 1), fixed in the plate of the watch, or by the comers 
of the hollow in which the lever works in some Swiss watches. 

Notwithstanding that the lever is held against the banking 
by the pressure of the tooth of the wheel on the locking face, it 
might possibly be displaced by a shake, and the action of the 
escapement would then bo faulty. Such an accident is prevented 
by leaving a small tj’iangular prism on the fork at c (figs. 3 and 4) 
termed the dart^ wlilcli is rojdaced, in the English form of lever 
csca])ement, by the guard-pin. This renders over-banking im- 
possible. Should any di.sj)lacement occur, it will at once press 
against the edge of the roller and retain the fork in such a posi- 
tion that the ruby-pin may pass into the notch (fig. 3, plate VIII.). 

The entrance of the dart or guard-pin into the passing- 
hollow B (figfs. 3 and 4) is coincident with that of the ruby-pin 
into the lever notch, an arrangement which ju'ovents the roller 
from interfering with the transfer of the hn'er from tme to the 
other banking. 

It will bo evident that the ruby-pin and guard-pin remain 
in th(( lever notch and passing hollow respectively during the 
same period. 

Any actual contact between this guard-pin and the roller 
can only be caused by an accident. A slight freedom is allowed 
between them. 

This exidanation will suffice to show that, in addition to 
being very safe in its action, the lever escapement possesses tla- 
two groat advantages of long airs of vibration and a non- 
liability to set. 


VARIETIES OF CONSTRUCTION. 

68t. — The form of escapement represented in plate VH. 
is known as a rigid-angle escapement. 

In some of the best watches another arrangement is adopted ; 
it is known as the straight line escapement because the three 
centres of the wheel, the pallets and +he balance are in a line. 
The one shown in figs. 1 and 2, plate VUI. is of this class. 

The portion x x' is merely added in order to put the lever 
in equipoise ; it balances the fork end. 

682 . — In escapements of this form the ruby-pin is usually 
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fixed at one end of a small lever z' b z, and the ordinary roller 
is replaced by a small or safety roller ^ h (figs. 1 and 2), whose 
diameter is considerably less than that of the small lever. 

A pointed index-piece r is screwed to the under side of the 
fork and answers the purpose of the guard-pin ; when the ruby- 
pin enters the fork this stands opposite to a small notch formed 
in the safety roller. 

This form of escapement, known as the doulle roller, is 
much more delicate than that represented at figs. 1 and 2, plate 
-VII., and requires very great accuracy of construction, but it 
has the advantage of being more certain in its action, and when 
the indcx-jjiecc does accidentally come in contact with the edge 
of the roller, the friction occasioned is less severe than that 
which ocem's between the guard-jiin and the edge of the table- 
roller. 

Moreover it reduces the extent of tlie possible displacement 
of the pallets when a shake occurs, the pencti’ation in tlic roller 
notch (c d, n m, fig. 4, plate VIII.) being greater with the circle 
of less diameter. 

The details that arc omitted in tliose figures can easily bo 
supplied by comparing figs. 1 and 2 of plate Ylll. 


Panting against the Escapc-Trhcel Axis, 

683.— In some beautiful escapements of Swiss manufacture, 
the angular movement of the lever is limited, not by two bank- 
ing pins (y, y ', fig. 1, plate VIII.), but by the axis of the escape- 
wheel, against which one or the other arm of the piece x x', a 
simple prolongation of the fork, rests; this prolongation is a 
.suitably formed piece of .steel centred on the pallet-staff and 
fixed by a screw. 

This appendage, serving to balance the fork, was formed as 
above explained with a view to avoid adhesion between the fork 
and its banking pins, for the point of contact with the axis is 
con.stantly changing. 

When this construction is adopted, although the wheel 
remains perfectly stationary during the period that its axis is 
pressed upon by either arm, it is well to make the axis no 
thicker than is required to secure solidity, in order to diminish 
as much as possible the extent of the surfaces in contact. 

At the present day, escapement makers, while adding the 
appendage x x' to the lever, yet set the arms so far apart that 
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they cannot come in contact with the axis of the wheel; the 
fork then banks against the pins y t'. Is this done because less 
minute accuracy is required and the work is therefore accom- 
plished more expeditiously? Or have they ascertained that 
some inconvenience arises from a frequently repeated impact 
against the axis of the escape-wheel ? As we have experienced 
some difficulty in attempting to explain this question, we will 
content ourselves with drawing attention to the fact, 

PBOPOBTIOSS IX VOCFE AT DIFrEBE\T EPOOIS. 

684. — TAVAN, JURGENSEN. — Authors and practical 
men are not perfectly agreed on the subject of the lever 
oscaj)cinent, but their differences are not serious ; they disagree 
not so niucli in what they regard as its principles as in the 
form, which is A'aricd in accordance with tlie results of individual 
experience. Tavan, and subsequently Jurgensen who merely 
copied him, prefer the locking surfaces to bo arcs of circles 
concentric with the axis ; the pallets thus occasion no recoil, 
and the unlocking becomes smoother and easier. But wo shall 
in its proper place see that recoil is essential to this escapement. 

According to Tavan the driving planes of the pallets 
.should be curved ; that of the engaging pallet convex and of 
the disengaging pallet concave, the radius of curvature 
being in both cases almost identical with that of the wheel. 
The rest is tangential, the locking faces being equidistant 
from the pallet-staff; the energy of the impulse then differs in 
the two cases. 

Jurgensen advocates a curved form for the engaging 
driving face but makes the other straight. The faces are 
inclined at an angle of 5° and tlio same inclination is given to tlu' 
jdanes at the extremities of the club-teeth of the escape-wheel. 
In his pallets the locking faces arc not at equal distances from 
the centre of the staff, occasionally differing by the entire 
thickness of a pallet. This arrangement is doubtless made 
Avith a view to equalize the impulses. 

Both authorities fix the total lift at 40’. 

685. — MOINET. — The depth of the locking or the pitch 
of the pallets and cscapc-Avhcel should not, according to Moinet, 
exceed 3“ or 4’ at most and is often less ; the draw^ or recoil of 
the teeth during unlocking, from 2® to 3“ ; inclination of the 
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fi^nt faces of the teeth about 5® (the two latter quantities are 
not sufficient) ; and, lastly, the total lift from 50® to GO". 

With the exception of a few practical details that facilitate 
the planting of the pallets and escape-wheel, the above sum- 
marizes nearly all that has been written on this subject. The 
opinions of practical men conform more or less to what is given 
above, and, as a rule, each follows a system that is not derived 
from any theoretical considerations, but which is nevertheless 
in some cases supported by experience and observation. 


CHAPTER II. 

RULING PRINCIPLES IN THE CONSTRUCTION OP 
LEVER ESCAPEHENTS deduced FROn THEORY 
AND EXPERIENCE. 


686.— The main object of this chapter is to set forth and 
explain the experimental facts that in the workshop arc regarded 
as laws, at the same time extending and correcting them. 

We would here repeat, so far as it is applicable, much of tho 
advice already given, and more especially that contained in 
article 525. 

In referring the reader to these passages, conscious as we are 
of the difficulty of eradicating prejudices, we would especially 
insist on an observation which was addressed mainly to designers 
and manufacturers; it is not by the mere imitation of satisfactory 
originals but by a thorough knowledge of the laws of motion, 
by a resort to calculation and an exhaustive study of tho theory of 
escapements, that wo can hope to secure the best results; namely, 
a rate that is very good in the present and reliable in the future. 

Opening of the Pallets. 

— The opening of the pallets, measured from the middle 
of the arms or from one locking face to the other, includes two 
and a half spaces of the wheel ; three teeth are then embraced 
by the pallets. This number is not taken at random ; the pallets 
might embrace a greater or less number of teeth, but in tho 
latter case the pressures would be increased and, the surfaces of 
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contact being very small, the action would be less certain and 
mathematical exactness would be essential in the adjustment in 
order to avoid loss of time; when the number of tooth is greater, 
the weight of the several parts and the friction would become 
excessive and we should lose all the advantages that are gained 
by shortening tlic escapement arms (611). 

To fix the centre of the pallets. 

688. — The following method is usually adojited. 

Assume / m u n ?• (fig. 4, plate VII.) to indicate the 

circumference of tlie wlieel. On this arc mark the two points 
M, N, the first corresponding to the extremity of a tooth and the 
.second to the middle of the third space from m. 

Draw the two radii, o m, o n, and at their extremities the 
pcriiendiculars M A, N A. Tlie point of intersection, A, of these 
two lines indicates the position of the centre of the pallet-staflf 
that would sot the escapement tangential. It is only necessary 
to bear in mind the principles discussed in the Introduction 
(751 and 74) to see that the points m and x, at which the locking 
occurs, are thus in the most favourable position, regarded solely 
from the point of view of facility of uidocking. 

Is this condition, however, of tangential locking essential, 
for diming the entire locking the pallet is detached from the 
balance, and therefore the amount of oblique or perpendicular 
pressure of the tooth is assumed to have no influence, or at any 
rate very little, on the rate of the watch ? 

Before answering this inquiry w^e must consider the two 
other functions of the pallets namely the impttlse and the unlocking; 
functions which are usually considered to take place under the 
best conditions at the same point as the locking. 

Should the Escapement he set tangential t 

689. — It follows from the preceding considerations that 
three distinct effects of the escapement should occur on the 
tangent to the circumference of the wheel or approximately so. 

The locking, when the tooth of the wheel is held at rest 
against the pallet ; 

The unlocking, which takes place when the lever, being 
driven, by the balance, causes the pallet-arm to move wliile its 
locking face is pressed by the tooth, and thus to bring this 
tooth to the edge of the impulse plane ; 
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Thotw^a/se, occurring immediately afterwards, during which 
the tooth passes along the impulse plane, exerting a pressure 
against it. 

If the necessity of draw be admitted, tangential rest at 
once becomes impossible, for lockings of this description must 
occur after the line o i and before the line o j (fig. 4, jdato VII.). 

From this impossibility it immediately follows that only 
one point of the surface traversed by the tooth of the wheel 
during unlocking can be tangential. This jioint is m on tho 
arm p m, and n on v n (fig. 4). 

Finally, it is still open to us to place the middle of each 
driving plane, M x and N z, at the point of intersection of tlu^ 
radius and tangent, and then tho locking faces s m and v N will 
be displaced towards the left of m and n, the two points at 
which the tangents touch the circumference of tho wheel. 

This simple explanation will suffice to show how erroneous, 
from a theoretical point of view, is the so-called rule that the 
escapement should be tangential. It can but enable us to fix 
some one given point. 

What is it that wo wish to secure In horological mechanism ? 
Clearly that the uniformity of its indications may continue for 
a considerable period. But we know that this uniformity is 
closely dependent on the changes that occur in the ratio exist- 
ing between the motive force and the momentum of the balance ; 
and we further know that in tho course of time the first of these 
quantities diminishes much more rapidly than the second. 

Hence it is of the highest importance to adjust and render 
as imiform as possible tho force by which tho impulse is given 
to the moderator, since it is this that is most rapidly modified 
by the thickening of oil. 

This being clear, wo will proceed to enumerate tho advan- 
tages and objections to making (1) tho corners of tho locking- 
faces and (2) the middle of the imiiulso planes tangential. 

TaDgcnlial TJnlocking.‘}, 

690. — ^Let n (fig. 44) be the centre of motion of the pallet.s; 
A and B the two points at which the teeth arc released from tho 
locking faces ; F and o tho points of locking ; a c tho engaging 
impulse plane, and b d the disengaging impulse plane. 

A glance at tho figure will show that : 

(1) The unlocking takes place on tho engaging pallet with 
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tlio rosistanco arm gradually increasing from h f to h a; 
whereas the second unlocking commences with tho longer lever, 
II o, and terminates with ii b that is equal to h a. 

Hence the unlocking from the face b o offers the greater 
resistance. 

(2) Tho tooth acts on the engaging impulse plane at the 
extremity of a lever which at first measures h a and gradually 
diminishes to h c : the friction also is that known as engaging. 
The disengaging impulse plane commences with a lever h b 
tjqual to n a, but this gradually becomes longer and the friction 
is disengaging. The impulse therefore is the more energetic 
on this latter plane. 


II.. ^ 



Fi?, Al. 

Hence we see that : ihe impulse of least energy is preceded by 
ill!' uidocking of smallest resistance and vice versa. 

Tangential Impulse. 

601. — If it be required that the middle of each impulse 
plane be tangential, the centre of movement of the pallet 
should be transferred from n to N (fig. 44). 

As in tho preceding case, a simple inspection of the figure 
will show that ; 

(1) The lever arms n f, n a, are much longer than n o, n n, 
and therefore the unlocking from the engaging pallet will offer 
a resistance considerably in excess of that opposed by the dis- 
engaging pallet ; 

(2) Since a n is equal to n d and c N to n b, it follows that 
the application of the impulse commences under rather more 
favourable conditions with the plane a c than witli b d ; but tho 
friction on A c is engaging, so that (providing there is no slip- 
ping action nor loss of time) wo may regard the two impulses 
as practically of equal value. 
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Thus with this second arrangement: ilic same amount of 
impelling force is caUed upon to overcome^ in the two cases, resistances 
that vary consideraUy. 

Ignoring for the present the influence which this inequality 
may have on the action of the balance-spring, we would merely 
remark that the motive force falls off in time much more 
rapidly than the force that effects the unlocking ; the propor- 
tion therefore initially existing between the motive power and 
tlie energy of the balance will be modified sooner and more 
seriously and this second arrangement will render necessary 
greater care in the selection of the balance-spring. 

Conclusion. The practice of making the edge of the 
locking faces tangential ■will be seen to possess advantages, but 
it is essential that the draw in the two cases secures equal 
steadiness of the pallets. Makers experience some difficulty, 
however, in adjusting the amount of draw since one arm is 
rather longer than the other, and they prefer the arrangement 
in which the middle points of the impulse planes are tangential. 
Nevertheless the system with unequal arms ha.s been generall}' 
thought best. 

We venture to trust that every watchmaker •will have clear 
ideas on this much vexed question after reading the following 
articles. 

Errors in construction may cause the unlocking oi least rcsistr.ncc to occur alter the 

weaker impulse. 

693.—In our first edition we stated, on the authority of 
several of our best horologists, that “experience is, as a rule, in 
favour of equal impulses,” in other words, of the arrangement 
in which the middle points of the impulse planes arc tangential. 
Careful observations have since removed any doubts that we 
had on the subject, and an exhaustive study of it has led to these 
two facts : (1) the tangential position of the edges of the locking 
faces has advantages ; (2) the conclusion we first arrived at was 
■too positive, for wo did not fully appreciate the objections to 
serious inequalities in the resistances. 

At the same time the importance of this inequality must 
not be over-rated, for with actions that are so instantaneous it is 
impossible to observe with certainty the regularity or 
irregularity in the movements compared. As we have observed, 
watches are met "with where the pallets are formed in accordance 
■with the principle of equal impidses that possess excellent rates. 
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But on minutely examining the action of a number of these 
('scapements wo have observed in several citlier a difference in 
ihc draw on the two pallets or a loss of force on one of the 
i (lanes by slipping, etc., which had the effect of causing the 
unlocking of least resistance to occur after the weaker impulse ; 
a circumstance that was none the less efficient through being 
accidental. 

We trust that our explanations of this vexed question of 
the comparative advantages possessed by the two systems arc 
sufficiently exhaustive to enable every intelligent watchmaker 
to form clear ideas in the futm*e regarding the entire question, 
and this should be especially the case after he has read the 
articles on draw; wc will here make a practical suggestion. 
('(|ually applicable to other escapements. 

Practical Test of tlic Energy of the Two Impulses. 

— ^Wlien the mainspring is fully wound up, mark on 
tlic plate of the watch the extreme point reached by a dot on 
the balance in the longer of its two half-vibrations. After 
i cinoving the pallets bring the mark on the balance above that 
just made on the plate, then release it and make a second mark 
on the plate at the terminal point of the vibration. 

Those two points will be useful for testing the equality of 
the two impulses as well as for indicating which requires adjust- 
ment. The action of the balance-spring will be all the less con- 
strained according as the balance when engaged with the escape- 
ment approximates towards the condition of a detached balance. 

To determine tlie Dran- or Reeoil. 

694 .— Formerly the locking faces of the pallets were cir- 
cular arcs concentric with the pivots (a mv^cn v, fig. 2, plate 
VII.) ; the wheel did not recoil at all during the act of unlock- 
ing and this was, in consequence, accomplished with very great 
case. But this facility was itself a fault that had to be avoided 
by so forming the locking faces as to cause an appreciable recoil 
of the w'hcel during the unlocking. The unlocking with recoil 
involves the employment of a rather greater motive force than 
was formerly employed, and this evil cannot be avoided ; for, 
unless the amount of draw be made considerable, the pressure of 
the tooth against the face of the pallet is not sufficient to main- 
tain the lever against tlie banking ; so that when subjected to a 
shake it moves away from the banking, and the guard-pin or 
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dart comes in contact with the roller edge. If snch an accident 
occur frequently it becomes impossible to time the watch. 

695. — With a view to obtain the requisite amount of draw, 
watchmakers made pallets with their arms straight instead of 
curved as was formerly the practice, the locking faces being 
inclined so that the locking point was as far within the circular 
face as it was desired the wheel should recoil (that is, measuring 
the interval between the straight locking faces and the curves 
amVf cnv\ fig. 2). 

Experience alone can indicate what is the most convenient 
amount of recoil. 

In practice 12“ was allowed on each arm. Sucli an amount 
would appear to justify the hope that the two di’aws would be 
equal, but this is not secured when the pitdi of the teeth and 
pallets is shallow. 

The method ordinarily adopted for making pallets consists 
in setting the cutter so that it forms an angle of 12“ with the 
radius of the wheel prolonged (o m i, o n t, fig. 4, plate VII.). 
The two planes b m, d n, are thus obtained, representing the lock- 
ing faces of ordinary pullets in which a recoil of 1 2“ is produced 
with each arm. A careful examination of the drawing, avoiding- 
confusion among.st the several lines that moot in a point, will 
show that the draw on the right-hand arm is very different in 
character to that on the left-hand, and that these two effects 
occur with levers of unequal lengths. 

696. — The following demonstration will be found to be 
conclusive if attentively considered. 

From the centre a draw the circular arcs c m p, e n ii, through 
the points M and n (in the same figure), and from the definition 
of a tangent (73) it follows that the prolonged radii o m i, on.) 
will only touch these arcs in the points m and n at which they 
are cut by the lines ak, al; hence, beyond thc,se points, the 
arcs diverge more and more from the prolonged radii m i, n j. 
This being granted, and observing that the extremity of each 
arm during the motion of the pallets traces out one of the circular 
arcs just referred to, it is at once evident that the wheel will recoil 
through the entire space included between the locking face n d 
and the arc n h ; but since this arc, starting at the point n, always 
diverges from the line n J which is inclined at an angle of 12“ to 
the locking face, it ij perfectly manifest that the recoil must 
exceed 12® by an amount which increases as the extent of motion 
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of the pallets becomes greater. Under ordinary circumstances 
this recoil may be assumed without sensible error to actually 
amount to 15°. 

Examining now the action that occurs on the left-hand 
locking face, we see that tlic w’heel will recoil through the 
interval enclosed between the plane m b and the circular arc 
M p, and that this arc always falls short of the line M i except at 
the point m ; the recoil, therefore, must be less than 12'’. This 
difference may bo estimated at 2** or even S'*. 

These facts afford an explanation of the observation 
familiar to all watch- jobbers ; namely that, in nearly all the 
older lever cscaj)cmcnts produced in Swiss factories, the draw, 
while being excessive on the exit pallet, is almost nothing on 
the other. We believe we were the first to explain in what lay 
the error on the part of the makers and at the same time to 
indicate the correction to be applied. 

In order to effect an equilibrium the usual practice at the 
present day is to increase the inclination of the left-hand face 
to that is to say, the angle i m b is 15'’. 

697 . — The above demonstration is exact when the pitch of 
the pallet and escape-wheel is somewhat deep, the locking faces 
being straight ; but with the modern practice of biinging the 
locking points very near to the corner of the pallet, so that at 
those points the emwes r m, ii x (fig. 4), and the straight lines 
I M, j N, practically coincide, this difference of tlmee degrees in 
favour of the engaging pallet must rather be corrected by 
making the anns a m, a n, unequal. 

In conclusion, the practice adopted in the factories is a 
mere experimental deduction which is sufficient for ordinary 
watches; but the maker should be able to determine in 
anticipation, by means of a large-scale di-awing made in 
accordance with the principles of the preceding theory, the 
conditions that secure equal resistance to unlo ckin g on the two 
arms and maintain the steadiness of the lever against the 
bankings invariable (630 and 635 ). 

Tins suggestion is all the more pertinent here, because we 
shall presently see that the inequality in the tw o draws is not 
entirely due to the source of error above indicated ; it very 
often arises from faulty construction, especially as regards the 
opening of the pallets and the pitching of the escapement. 

The great amount of draw renders necessary a consider- 
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able motive force, and consequently the watch must have some 
thickness. Wlien these conditions are not fulfilled, the lover 
escapement never worts well. 

Change effected in the dratr by varying the interval between the eentres of motion. 

698. — In consequence of the division of labour in factories 
the pallet-maker is not the workman that pitches the escapement 
in the watch. Thus it happens that when the pallets are not in 
perfectly strict proportion, the escapement-maker is compelled 
to vary the length of the ruby pallets and pitch the mobiles in 
any position that will ensure the escapement working well. 80 
far from concerning himself about tangential escai)ing, be 
utterly ignores it, and indeed the great majority of them could 
not explain the meaning of the expression. 

This, however, would occasion no serious inconvenience, 
since such a tangential escapement as has hitherto l)cen advo- 
cated in the workshop is quite a delusion (089), were it not that 
a very objectionable fault results from it. 

The maker forms his pallets either according to a rule that 
sets the middle of the incline tangential, or to one that re(]uir(;,s 
the edge of the locking face to be so, and the centres of i 1 k^ 
wheel and pallets are therefore fixed. 

It follows that if the escapement-maker does not si l th(> 
centres of motion at the distance apart previously determined 
upon by the pallet-maker, the draw on the two faces is not such 
as it was intended to l>e, and the stcadine.ss of the lever is l('s.s 
secured on one side than on the other. It may even happei: 
that on one side this steadiness docs not in practice exist. 

DEMOXSTltATIOS. 

C99. — ^Assume v a and n s (fig. 5, jdafo VI 1.) to be two 
locking faces making the angles z v a ol and .r t n of 40’ 
with the radii l r, l .t that pass through tlu^ tangential points. 
This escapement is adjusted for a di8tanc(i between centres 
equal to c L. 

The tooth will recoil by the two amounts a z and n .r. 

Examine the manner of resolution of the force acting on 
either plane. Taking the lines a o^n i, to represent this for(!e 
in magnitude and direction, the parallelograms ah 0 d, n ci 
will indicate the manner in which it is resolved (69 and 228). 

The drawing shows that the line b 0 , as compared with h n, 
nay be taken to indicate the portion of the force that presses 
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the lever against the hanking q ; and that the ratio of c i to c « 
gives a measure of the force pressing the lever against the pin y'. 

The force then acting on q through the pallet ^ « is rather 
less, hut since it is applied at the extremity of a longer lever, 
wc may admit that the two draws secure very nearly the sam'.? 
degree of steadiness of the lever. 

Assume tliat the opening of the pallets, measured between 
the two locking points, through some error of construction, 
slightly exceeds the amount a n given in the figure, a circum- 
stance wliich very often occurs in practice. The escapement- 
inakcr will simply replace the tw'o ruhy pallets hy longer ones 
and will move the centre of the pallet-staff from c to, say, K. 

This displacement, apparently so natural and simple, will 
nc\ ortheless entirely disarrange some of the essential functions 
of the escapement. 

The direction of tlie impelling force (represented hy the 
(‘(jiial lines a o n i /?) will ho unaltered ; wo therefore knov.' 
from the parallelograms a f ff h, n m how this motive force 
is distributed on the two pallets. 

An examinalion of the several lines in the figure compels 
us to recognize the fact, utterly unexpected by the majority of 
watchmakers, that the force maintaining the lever against th(' 
banking q is enormously increased, whereas that which should 
hold it against q has not only diminished but actually tends in 
an opposite direction. 

The direction of the motive force is auovc the first axis 0 
but beJoto the new axis k and the steadiness of the lever, when 
the tooth acts at n, is so indifferently maintained that a slight 
shake would in very many cases suflicc to occasion contact 
between the guard-pin or dart and roller. 

Itemarlc . — The reader should attentively consider the above 
demonstration : he W'ill sec that the recoil of the wheel cannot 
be regarded as a strictly accurate test of the steadiness of the 
lover against the banking. For the recoil wdth the arm ^ « is 
considerable, since it is represented by the interval between the 
cii’cular arc t u drawn from the centre k and the straight line 
is, and yet the effect wdiich the draw' is intended to produce is, not- 
withstanding this great amount of recoil, cither zero or negative. 

Tbe Eiiftlns Alible.— Experimental Data. 

ij'OO. — ^The extent of lift is dependent on various circum- 
stances which have been already enumerated in 90 and the sue- 
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ceeding paragraphs, and yet it has long been accepted as a rule 
that 40“ should be invariably employed. If makers had ob- 
served that in the lever escapement (1) the escape-wheel trans- 
mits the motive force to the balanee through an intermediatt* 
piece by which a portion is absorbed ; (2) this intermediate 
piece, owing to its size and weight, has a certain amount of 
inertia, that is to say it opposes an appreciable resistance to 
any sudden change in its movement ; and (O) tliat the balance 
travels with a considerable velocity because, while having the 
same number of \dbrations as other escapements, their umjdi- 
tude is greater; if, we sa}', they had observed these facts, tluy 
would have seen that, when the impulse commences, the lever 
acts with very little energy on the balance, especially if the 
inclination of the impulse jdane is slight, and that it is only 
really effective towards the end of the lift. ITcnce it follows 
that a lifting angle of 20“ on each arm, or a total of 40', 
will not suffice for the majority of lever escapements that aix' 
made. 

701.— The mean value of the lift may be as much as 50 ’ ; 
rather more (55“) for small escapements and somewhat less in 
the case of largo ones (45“). 

It is easy to explain the cause of the difference observed in 
the above numbers in accordance with what has been already 
said when discussing the cylinder and dujdex escapements, 
remembering that, since small balances have loss inertia than 
large ones, they require an impulse of longer duration and more 
frequently repeated ; on the other hand, with largo balances, 
possessing some mass and a comparatively greater power of 
maintaining the velocity they have acquired, the extent of lift 
must not exceed what is absolutely necessar}’- (323, etc). 

Remark. — But, we would again observe, the figures given 
cannot be looked upon as in any way absolute. As a general 
rule, when the escapement is accurately constructed and the 
mobiles light and in accordance with the requirements of theory, 
an arc of moderate extent (from 35“ to 45“) is all that is required. 
On the other hand this lifting angle must be increased (from 
45“ to 55“ or even 60“) in heavily made lever escapements and 
in those in which a considerable proportion of the impulse of 
the wheel is lost owing to its being too much decomposed 
through faults in construction or arrangement (97 and 98). 
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To Meerlain the taeiglit oftbe Impulse Plane and tbe position 

oftbe Ruby>Pln. 

703 . — Tavan and Jurgensen give 40" as the limit of the 
total lifting arc, whereas Moinet allows between 50" and 60" ; 
wc Ijave already explained this difference. 

The lifting angle, as measured by the extent of the arc 
traversed by the balance between two unlockings, having been 
determined ujion, the inclination of the impulse planes is 
adjusted so as to secure this amount of angular movement. 
Varying the distance between the ruby-pin and the centre of the 
balance will als«j modify tlic lifting angle. The inclination of 
llic impulse planes and the position of tlic ruby-pin must then 
be correlated. 

Height of Inclines. 

7011 . — TJie lever will be driven more and more backwards 
as the impulse ])lane is more elevated ; it is, then, the height of 
this incline that determines the extent of the angular move- 
ment of the fork. The force opposing unlocking and the 
resistance at the end of the lift inci’case as this movement 
l)ecumcs greater, and, on the other hand, if the path of the 
fork is very short tlu're is mu(*h risk of the lockings and of the 
(mtrance of the ruby -pin within the notch not being performed 
with sufficient certainty. Moreover, if we consider an escape- 
ment beating 18,000 vibrations per hour, it is observable that 
the tooth traverses an impulse plane of slight inclination with 
great ra])idity and tliat it only attains a considerable momentum 
Avhen about to fall against the locking face; the blow thus 
o(‘(!asioned is detrimental for it gives rise to quivering of tlie 
pallets and may cause the guard-pin or dart to come in contact 
Avith the roller. 

In the first case (with an excessive inclination of the 
impulse plane) the watch sets as soon as the oil becomes at all 
thick ; in the second case (with the incline too low) the watch 
will be a very bad timekeeper and the amplitude of the 
vibrations insufficient (347 and following articles). 

Experience can alone decide on the best intermediate point 
between these two extremes, and it has proved that, as a rule, 
we must impart u total angular movement of 10° to the pallets 
and lever ; that is to say, each impulse plane should be such 
that, when it is impelled backwards by the tooth, the fork is 
caused to traverse an arc of 5" on eitlier side of the line of centres. 
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706 . — ^We know that the energy of impulse bears a definite 
ratio to the height of the impulse plane ( 347 ). Bearing this in 
mind, let us consider three escapements absolutely identical 
except that the first has driving pianos « A, » n (fig. 46) ; the 
second o a and o' b ; and the third v a and v b ; we see that the 
apparent total liit is, for all three cases, 10”, whereas the real 
TOTAL LIFT, representing the heights of impulse planes, will differ 
in the proportion 6 to 10 to 14. They will require unequal 
motive forces. 

707 . — If, instead of being pointed, the teeth arc clubbed, 
terminating in a short inclined plane of 2“ inclination as repre- 
sented at T, fig. 46, the only difference will be that the half-lift 
commences 2® before the centre with the planes o a, o' b, 4” before 
with the planes v A, ?/ b, and exactly at the centre with the 
planes s A, s' B. 

This fact gives an easy means of practically ascertaining 
whether the height of the impulse planes is correctly adjusted. 

708 . — It is doubtless unnecessary to observe that the 
entire amount o s and o' s' (fig. 46) by which the impulse plane 
pitches within the circumference of the w’heel when the inclina- 
tions s A, s' B, are employed, will be added to the periods of 
locking of the escapement, and on the other hand these intervals 
will be diminished by a o, v o', rejjrescnting the extent to which 
the impulse planes reach beyond the circumference of the wheel, 
if A, t?' B are the forms adopted ; but, although the half-lift 
may vary, the total lift is always 10®. 

It •u’ill thus be seen that, by varying the inclination of 
either the pallet or tooth, we are able to change the ratio of the 
extent of locking to the half-lifting angle. 

In an escapement with impulse planes o A, o' b, each giving 
a lifting angle of 5®, and in which the club-tooth of the escape- 
wheel has an inclination of 2®, the motion of the lever will be 
divided as follows : 

The locking will occur when the face a* is in the position 
s', and the balance, on returning so as to accomplish the im- 
locking, will drive the lever to c x. The fork will next act on 
the ruby-pin from c x until the line c d is reached, in other 
words, through an angle of very nearly 8®. Since the total 
angular movement of the lever is 10®, we see that about one- 
fifth will be devoted to the unlocking and four-fftlis to the 
impulse. 
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This example will be sufficient to show how important it is 
to distinguish between the apparent and real lift. 

On curved and straight impulse faces. 

709» — ^Tavan, as we have already seen (684) preferred 
that the impulse faces should have a curved form ; that of the 
engaging pallet being convex and of the disengaging pallet con- 
cave, while the radius of curvature of botli was that of the wheel 
itself, jurgensen made the first of these curved and the second 
straight. The majority of watchmakers make both faces straight. 

710. — There is no doubt that by giving them a certain 
curvature it is possible to obtain regularity in the lift, that is 
to say so to adjust the velocity of the wheel that it always 
boars a certain pre-determinod ratio to that of the balance ; in 
other words, the movement of the cscape-whcol may be accele- 
rated, uniform, or retarded as compared with that of the balance. 

But here we are met by the insuperable difficulty of form- 
ing such minute curves accurately, and their theoretical ad- 
vantages would always bo nullified by faults of construction. 

711. — Moreover, with clubbed teeth, the lifting action on 
each pallet may itself be regarded as consisting of two portions. 

In the first, the front comer of the tooth traverses the 
entire length of the impulse plane. In the second, the small 
incline of the tooth slides past the corner of the pallet. During 
these two portions of the lift equal spaces are traversed in the 
majority of modem escapements, for the length of the incline 
of the tooth is usually made the same as that of the pallet. 
Hence the cur\’’ed pallets could only regulate about the first halt 
of each half-lift. 

713. — With a curved impulse face on the engaging pallet, 
the wheel will travel slower at the commencement of the lift 
(as compared with a straight face) and more rapidly towards 
the end according as the curvature is more pronounced. The 
impulse wi’l then possess less energy, and the drop will be tlu^ 
more severe. 

Assuming the possibility of giving the required curvature to 
the face, the only advantage it would possess would be to very 
slightly facilitate the starting of the escapement; but this 
unimportant advantage would nearly always be accompanied 
by a more severe drop and a loss of impelling force. 

713. — With a concave impulse face on the disengaging pallet, 
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Ilie wheel would travel somewhat more rapidly at the commence- 
ment and slower toward the termination of the first portion of the 
lift than if the incline were straight. The second portion would 
])e accomplished in the two cases in very nearly the same manner. 

It appears then that a slight advantage might he secured 
by employing a concave face, but it is to be observed that tlie 
(!urvatm-e would have to be so little that there would be very 
great danger of making it excessive and the starting of the 
escapement would then be rendered more difficult. 

714 . — Curved faces have important advantages when their 
extent is such that accurate workmanship is possible; but when 
an action so short, as regards both time and space traversed, as 
tlie lift of the pallet in a lever watcli is under consideration, 
what can be looked for ? 

715 . — It is the safest jdan to mak(^ the impulse faces of tlie 
]jallets straight, for on the -whole their construction is easier and 
tliey offer advantages at any rate equivalent to those anticipated 
from the use of cuiwcd inclines. 

After the completion of these straight faces they should be 
rounded off cross-wise in order to diminish the extent of the con- 
tact of the tooth and pallet. We shall again refer to this beading. 

To fix tlic position of the ruby-pin and the length of lever* 
necessary to secure a Kiven lift. 

716 . — The angular movement of the lever being, as wo 
have already seen, fixed at 10®, the following is the method 
usually recommended for fixing the position of the ruby-pin or 
its distance from the centre of the balance-staff, the three 
centres of movement being supposed fixed. 

From the centre b (fig. 2, plate VII.) of the pallet-staff 
draw the line B x, inclined to the line of centres b p at an angle 
of 5°, that is to say the angle through which the lever moves on 
one side of this line. 

From p, the centre of the balance-staff, draw p z inclined 
to the line of centres p n at an angle equal to half the total 
lifting angle ; thus, with a total lift of 40°, the angle z p f -will 
measure 20°. 

The point i, where the lines b x, p z cross, gives the posi- 
tion of the ruby-pin, that is to say the distance between its 
point of contact and the centre of the balance. 

If, instead of 40°, the lift were required to be 46°, 60°, 60°, 
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Ulo angle z p f would be 22-5“, 25", or 30", the ruby-pin being 
thus brought gradually nearer to the centre of the balance. 

We have italicized the words point of contact because the 
centre of the pin will not be on the circumference described by 
the radius r i except in the case of a round pin, and at the pre- 
sent day it is always made oval or triangular. 

A careful examination of figs. 1, 2 and 3 of plate VIII. will 
make evident the functions and mode of action of this ruby-pin. 

Length of the Lever. 

717 . — The method adopted for determining the position of 
the ruby -pin also gives the distance between the centre of the 
jjallcts and the fork. 

It is only necessary to describe an arc Q i t (fig, 2, plate 
VII.) from the centre of the pallets and with a radius B i in 
order to ascertain this length, ineasm’ing from the centre to tlic 
[}oint at which the prongs commence. 

718 . — The following practical rule is usually employed for 
ascertaining this length. It is deducible from the above reasoning. 

For a lift of 40“ divide the centre distance B p (fig. 2) into 
five parts and deduct one of these portions from the end p. 

For a lift of 45“, divide into eleven parts and deduct two. 
(Or divide into five and a half parts and take fom- and a half.) 

With a lift of 50", six parts and deduct one. 

With a lift of 00", seven parts and deduct one. 

These distances can be easily measured cither by using a 
finely graduated brass rule or, preferably, a douzieme gauge the 
smaller arms of which arc pointQd in order to servo as a compass. 

TEic diameter and form of the ruby-pin and the width of 
tiic notch in the fork. 

719 . — Article 716 gives a graphical method of ascertaining 
the position of the ruby-j)in and it onl}?- remains to determine 
its form and diameter. 

The unlocki.ip would take place under the most favourable 
]:ressiblc conditions if the side of the notch were struck perpen- 
jlicularly by the ruby-pin, when over the line of centres, b p, 
the friction being disengaging ( 73 ). 

In order that the itnpulae may be tangential and the friction 
disengaging, the back of the pin should, at the end of the unlock- 
ing, be on the line of centres, in which position it would receive 
the perpendicular blow from the other side of the notch. 
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It will easily be seen that tliese two oonditionB oould not bo 
satisfied, since the movement due to the impulse and the unlock- 
ing extends over a space greater than the actual width of the 
ruby-pin. 

The energy absorbed and decomposed during the nnlocieint; 
becomes greater as the contact occurs farther from the lino of 
centres, and the action is the more oblique to this line. Hence 
the resistance opposed to the ruby-pin during the unlocking 
becomes less as the angular movement of the lever is reduced. 
It thus becomes important to avoid increasing this movement 
beyond the 10® which are known to bo necessary, and not to set 
the bankings (k, l, fig. 2, plate too far apart as this would 
needlessly increase the resistance opposed to the ])in in its 
engagement with the notch. 

730. — An examination of fig. o, plate VI., shows that as 
we increase the width of the notch tlie side s n will gradually 
approach the lino of centres P R, and the engaging friction 
during unlocking will he reduced in proportion. 

731. — ^We have seen from one of the preceding articles 
(705) that, when the escape-wheel has pointed or ratchet teeth, 
the impulse commences with the middle of the fork on the line 
of centres, whereas with club teeth this action commences about 
2° beyond it. It results then that, in the first case, the side of 
the notch is separated from the line of centres by a distance 
equal to half the width of the ruby^-pin and by this amount plus 
2® in the second case. A reduction in the size of the pin or, 
what amounts to the same thing, a reduction in the width of 
the notch, increases the efficiency of the impulse. 

733» — Since a very" wide notch facilitates the unlocking 
and a very narrow notch facilitates the impulse, it becomes 
evident that the width would have some moan value balancing, 
as far as possible, the resistances during the two actions, were 
it not that it is determined by a third condition of primary 
importance which we proceed to consider. 

Size of Kuby-Pin. — ^Experimental datum. 

733. — ^If we assume the lever to rest against the banking l 
( fig. 5, plate VI.) and make the notch at first e a and subse- 
quently m n, which is three times e o, we shall find that in the 
first case the thickness of the pin is rather less than the interval 
included between the circular arcs n and c, whereas in the 
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second case it would nearly equal the distance between the arcs 
A and D. With the narrow notch the pin would require to be 
very thin in order not to catch against the comer e, and, since 
the face i a of the notch against which the pin acts would be 
very materially reduced, the action would become uncertain. 
With the larger notch m n, the surface 8 n, that engages with 
the ruby-pin, is of such extent that the certainty of the action 
is guaranteed, even when a considerable amount of freedom is 
allowed between the pin and the comer m. This example proves 
that the performance of the fork and roller is rendered more 
certain as we increase the width of the notch, the diameter of the 
ruby-pin becoming at the same time proportionately greater. 

Experience can alone determine what is the most 
convenient diameter of the pin ; and we have just seen (721) 
the disadvantages of one that is too large. It has shown us 
that, in the escapement of an ordinary watch, where the pallet- 
arms and teeth are approximately of the same width, the width 
of the ruby -pin (that is, its greatest diameter since it is either 
oval or triangular) must be slightly in excess of the breadth of 
a pallet ; in other words, the diameter of the pin is about equal 
to one-third of the interval between the points of two teeth of the 
escape-w'heel. Every intelligent watchmaker will be able to see 
when he can advantageously reduce it a little below this amount. 

The form of the Ruby-Pin. 

724. — It must not be cylindrical. When one is met with 
of this fonn it should bo flattened at the front and set somewhat 
forw'ard, or it w'ill be better to replace it by one of suitable form. 

A W'atclmiakcr employing a round pin will be obliged to 
increase tlie angular movement of the lever so as to prevent the 
superfluous part, n (fig. 6, plate VII.), from coming in contact 
with the comer of the hom. Any such increase in the extent 
of path of the lever increases the harshness of the friction on the 
ruby-pin entering the notch, and, further, if the wudth of the 
notch is adjusted for a less path, he will find that towards the 
end of the lift it is not the fork that drives the ruby-jiin, but 
that this ruby-pin carries the lever along with it ; and such an 
action is very prejudicial. 

When the front of the pin is flattened the freedom is much 
greater than with a round pin, but even this is not the best 
possible form to give it. 

In the first edition of this work we recommended a 

27 
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flattened oval section, the flattening being more marked on 
the front face in order that only a small extent of a rounded 
surface might come into action. 

At that time the triangular pins were very frequently cut 
from cylinders; and, as a consequence, the side of the notch 
was, in numerous instances, struck by a nearly flat surface to 
effect the unlocking, so that this sm'face was liable to adlierc to 
the fork. Moreover at the beginning of the lift the fork itself 
struck the pin on an angle. 

At the present day it is the usual practice to cut the triangle 
from an oval shaped pin, as by doing so both the above incon- 
veniences are avoided. 

The watch manufacturer udll find it useful to draw the fork 
and ruby-pin on a large scale in their successive positions. 

A notch that becomes wider towards the base or is dove- 
tailed is found to reduce the play of the ruby -pin, but it requires 
very perfect workmanship. 

On the distance between tbc centres of the Eseape>ivhcel and 
Balance.— liOii;; and Short £>cvers. 

?25. — ^It seems at first sight to be a matter of indifference 
whether the centre of the balance is set near to or far from the 
■centre of the pallets ; in other words, whether the lever be long 
or short, since the distance of the ruby -pin from the balance-staff 
will vary directly with the length of the lever, and thus the 
relative lengths of the two levers will remain unchanged ; hence 
the power and the i-esistance are always in the same proportion 
if the lengths of the levers are only considered, and it would 
therefore appear that the results will be identical. 

But it must be remembered that, when the lever is long, 
{1) the whole will be heavier, not merely in consequence of the 
additional metal required to lengthen the lever, but also through 
the balance-weight at the outer end which must be added in 
order to maintain the equipoise ; the inertia of the mobile, and 
therefore its resistance to being set in motion, will thus be 
considerably augmented ; (2) friction occurs over a greater 
extent of surface ; (3) increasing the length of fork involves the 
use of a larger roller. This large roller, by needlessly 
increasing the weight of metal at the centre of the balance, 
compels us to increase the rim of the balance in proportion (45), 
and to use a stronger balance-spring. In short, it becomes 
mecessary to apply a greater motive force, since all the resist- 
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anco throughout the escapement is increased and the sources of 
irregularity will be proportionately more marked. 

These considerations show that an advantage is secured 
by keeping the length within moderate limits, but it is im- 
portant to avoid falling into excess in the opposite direction. 
With a very short lever the acting surfaces are veiy 
much reduced ; all the parts therefore must be made with the 
gj’oatcst accuracy, the several freedoms become much less, and 
the regularity of movcnu'nt is uncertain. We would further 
add that, in certain callipers of watches, there is some difficulty 
in jtitching the balance since it comes too near to the axis of the 
esfuijic-wlieel ; but the principal objections to short levers consist 
in the loss of lime for tlie performance of its functions, and tlie ex- 
cessive pressures, that ultimately occasion irregularities of timing. 

— An em})irical rule requires that the distance between 
tlie centres of balance and ])allct-staff should never exceed the 
diameter of ihe escape-iohccl or, at most, this diainetcr plus one- 
twelfth. 

A second rule, also deduced from observations on numerous 
watches, limits the length of lever to the radius of the Valance 
minus the eentre-disiance of ihe ruhf-pin. 

These proportions permit of considerable latitude, for, in 
the watches generally produced of the same external dimensions, 
large and small escape-wheels arc met with in conjunction with 
balances of varied diameters; they give, however, a mean size 
that is quite sufficient fur the demands of daily work. 

727. — A manufacturer of high-class w'atchcs desiring to con- 
struct a standard escapement may accept these niles as stalling 
points, but this first approximation must be subsequently modified 

(1) In accordance with the results obtained in reference 
to the resistance of the acting surfaces, the degree of accuracy 
attainable, and the insensibility of the arrangement to variations 
in the motive force. This force must be tried both when the 
mainspring is fully wound up and when the arcs of vibration 
are reduced, ow'ing to thickening of oil, after the w'atch lias been 
going for a period of average duration. 

(2) He must, moreover, carefully study a watch of similar 
dimensions which, after going for a long period, does not exhibit 
any signs of w'ear at the surfaces of contact. Wlien the motive 
force of the watch under construction is inferior to that of the 
watch used for comparison, the maker should reduce the length 



420 


PRINCIPLE OF THE LEVEE ESCAPEMENT. 


of the new lever in proportion to the di m inished force, and con- 
versely in the opposite case. In either case ho will, hy this 
means, prevent the pressure exerted against the sides of the notch 
(which gives rise to the most detrimental friction that occurs in 
the entire escapement) from exceeding a given amount, already 
tested and found to be proportional to the resistance offered by 
these sides. Regularity in the action of the ruby-pin will thus 
be ensured. 

An escapement can be timed with equal facility whether its 
lever be long or short providing all the parts are well finished, 
but superiority, that is to say a minimum of variation in the 
rate and in the resistance of the parts to wear, is always found 
where the total friction, the pressure and the loss of time are 
least. 

BeasoDs for the inconveniences arising from the uso of short levers. 

728. — The earlier lever escapements of Robin’s design 
were provided with very short levers. A. Breguet, who 
unquestionably perceived their inconvenience, prolonged this 
portion of the mechanism, and the Swiss makers, carefully 
following in the track of that celebrated horologist, brought the 
long lever into favour ; in a few years, however, this increasij 
was carried to an excess. 

When the discussion began amongst watchmakers as to tlic 
advantages that result from reducing the length of the jiallet- 
arms in the Graham escapement for clocks, it was but natunil 
that these novel ideas should be applied to the lever in watclies ; 
and, relying on an erroneous theor}’, they went to an opposite 
extreme. At the present day numerous makers have, without 
any intelligent reason, adopted extravagantly short levers. 

We proceed to explain the objections to their use; but we 
feel compelled to repeat what unfortunately requires constant 
repetition : neither in theory nor practice is there sucli a thing 
as a long or a short lever. There is one length that secures the 
greatest regularity, namel}' the one that satisfies the conditions 
laid down in article 737. 

729. — Let D, (fig. 47) be the centre of the pallet-staff ; ii 
and N two successive positions of the staff of one and the same 
balance. The distance n n, is double of n h. Since the angle 
Z D N represents the angular movement of the lever in the tw'o 
cases, we get the proportion : 

D / : D 1:: y n: Z n, 
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and from this it appears that, as regards the relative lengths of the 
arms, it is a matter of indifference whether the balance is at h or h. 

It has been already pointed out that a long lever increases 
the resistance due to inertia and the extent of acting surfaces ; 
this then does not require further demonstration (725). 

Now consider the short lever. 

The impulse arm ii J is half N /. Since they are both carried 
by tlic same balance, the pressure exerted by the shorter arm 
will be double that with the longer, and the friction at j will bo 
very much more intense than tliat at I (38). 


II 


H 


Fig. 47. 

For a given amount of shake of the pivots in their holes, 
with the short lever it will be necessary, providing all the parts 
arc made in proportion, to allow much more freedom between 
the acting parts. For represent one of the pivot holes by f ch. 
The two inner circles indicato the successive positions occupied 
l»y the pivot before and after unlocking begins. By a change 
of the point of contact of the pivot from bio c each centre will 
be displaced by an amount that is relatively twice as great in 
the case of the shorter arms. 

Lastly, if the interval between the lines/ /, s be taken to 
indicate the freedom necessary between the ruby-pin and the 
notch of the lever, an inspection of the figure will suffice to 
show that about one-sixth of the work will be wasted udth the 
long arm and very nearly one-third with the shorter. The loss 
of time will be considerably greater when this latter is employed, 

730. — It thus appears that, without taking faults of construc- 
tion into account, although they are generally numerous with 
short levers, the emplo}Tnent of these latter involves a more rapid 
wear of the acting surfaces and renders very slight shake and 
freedom imperatively necessaiy not only at the pivots but also 
between the ruby-pin and the notch of the fork ; and this causes 
•the escapement to be far more sensitive to the thickening of oil. 
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The force supposed to be gained is in reality converted into 
excessive pressure and impacts. 

Size of (lie Table«rolIer. 

? 31 . — The deptli of the notch in the fork should ho no more 
than is necessary for the free passage of the ruby -pin ; for -when 
the notch is cut deep it increases tlie interval between tin* 
guard-pin (or dart) and balance-staff, thus rendering a largtT 
roller necessary. The most convenient size for this latter is 
determined as follows : 

Tlie lino c J (fig. 4, jilate VIII.) indicates the extent of 
angular movement of the lever (o") on one side of the line of 
centres ; from the centre of the pallet-staff draAv the circular arc 
h d passing through the point of the guard-pin or dart c. TIk' 
point of intersection of h d and the line c J gives the radius A t, 
of the roller, having its centre at A. 

The width of the notch in this roller (termed the passh)//- 
hollow) should be about one and a half or two times the diameter 
of the ruby-pin. We say about because it will increase or 
decrease according to the extent of angular movement of tlu' 
lever and the diameter of the roller. It will be subsecpiently 
showni how the dimensions of this passing-hollow can be 
practically determined. 

Size of the Safvty>rollei*. 

732. — It is usually the practice to make the radius of the 
safety roller two-thirds of the centre-distance of the ruby-pin. 

Thus, when this pin lies on the circular arc T t' (fig. 
plate VIII.), that is at a centre-distance n t', the size of the 
roller Is given by the circle described with a radius r. n, which is 
equal to two-thirds a x'. The intersection of this circle with 
one of the lines c M or c N gives a means of describing the arc 
M r N and this indicates the distance between the centre of tlie 
pallet-staff and the point of the guard-pin or index piece. 

The form of the teeth and their Inclination. 

733 . — The teeth of the wheel are either pointed, or large 
and expanded at their extremities as shown in fig. 2, jdate VII. 

If pointed they should be thin and elongated ; when th(' 
ends are clubbed the teeth must be cut away towards the base 
and no more metal left than is required for rigidity ( 01 ). 

734 . — The front face of the tooth (a b, fig. 3) should be in- 
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dined forward, so as to ensure that contact with the locking face 
and impulse plane only occurs at the comer a of the tooth. 

The exact inclination depends on the greater or less draw, 
and on the height of the inclined planes ; for this regulates the 
extent of the angular motion of the lever, a movement that 
determines the pitch of each pallet, that is, the distance to 
which it travels within the circumference of tlie wheel. 

It is very easy, when drawing an escapement, to accurately 
fix tlic extent of this inclination ; but in the great majority of 
cases all requirements will be satisfied by sloping the fi'ont face 
of the teeth at an angle of between 2o'' and 28" to the radius, 
say an angle B a d of 27" (fig. 3, plate VII.). 

The teeth should be cut away behind so that the pallets 
may enter at the back without touching. 

735 . — Clubbed teeth should always terminate in an in- 
clined plane as shown in fig. 3. If, instead of this being the 
case, the extremities retained their original form and were por- 
tions of the circumference, the drop would be increased by the 
entire thickness of the tooth and the watch could never be timed. 

Jurgensen inclined them at an angle of 5"* but he docs 
not explain whether this inclination is to be measured in the 
manner previously employed for determining the height of the 
impulse planes ( 704 ) or the extremity is to make an angle of 5 ‘ 
with a tangent drawn to the circumference of the wheel. 

In the first case, the incline on the tooth having the same 
height as that on the pallet, there would be no locking at all and 
the front corner of the tooth would fall on the impulse face. 
On the second interpretation, the height of the incline would be 
so slight that, during the second portion of the half-lift (711), the 
tooth would pass by the lower comer of the pallet with very little 
jM'ossurc and considerable rapidity. Some of the impelling force 
would thus be wasted and go to increase the drop. 

730 . — If we observe that with club teeth the amount of the 
locking which, with a pointed tooth, is as much as 5", is diminish- 
ed by the incline of the tooth, and remembering that experience 
has jjroved a mean locking of 2" to be essential, it is evident that 
the height of the incline on the tooth should be rather less than 
half the 5" included between m and s (fig. 4, plate VII.). 

* He says, “ The inclination of the teeth of the wheel should be 6®.*' This 
phrase is objectionable in that it is not perfectly clear ; but it is not likely that he was 
referring to the slope of the front face of the teeth. 
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The article on designing a lever escapement will explain 
the manner of tracing this incline, which should bo straight. 

l^lforts have been made to determine what degree of con- 
vexity would be best suited to this incline, but such a research is 
utterly useless ; for it is obvious, when we consider an escape- 
ment of ordinary dimensions, that any curve would only cause 
the incline to approximate more or less towards a portion of tho 
circumferenee of the wheel, and thus to increase the energy of 
drop at the expense of the impelling force. 

The Breadth of Pallets and Teeth. 

<37. — The breadth of the pallets should be half the interval 
between the extremities of two successive teeth when these are 
pointed. 

Wlien clubbed, the breadth of the pallet should be such that, 
if added to that of the tooth, the two together are exactly equal 
to half the interval between two teeth, in other words, between 
r and A or n and c (fig 3, plate VII.). 

Thus, if the width of the pallet be identical with that of 
the tooth, each will be one-quarter the distance between the 
points of two teeth,/'//' (fig. 1, plate VIII.). 

These several dimensions should bo made slightly less in 
order to give the requisite freedom and so avoid friction 
between the heels of the pallets and teeth. 

The acting faces of teeth and pallets. 

738. — If we examine a number of lever escapements both 
from above and edgewise, drawing a vertical section of the 
tooth and pallet engaged with it, we shall obtain the figures e, 
H and N of fig. 48. 

The second, e, is that most frequently met with. It is 
objectionable because, if the middle of the tooth does 
not exactly coincide with the centre of the pallet, that is 
with the line c, the wheel will give an oblique pressure on 
the lever; and this has a very detrimental effect. 

The operation of pitching and of setting the jewels is not 
always done with absolute accuracy, and some makers give the 
acting face of the tooth the flat form shown at h in order to 
avoid this source of irregularity. It has the effect of materially 
diminishing the fault when it exists. 
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The fourth form, shown at N, wliich is often met with in 
the best watches, is produced by cutting away the two comers 
of the face of the tooth, thus forming a beaded edge between 
two bevelled sides. (These bevels should be left gray and not 
polished, 81.) 



Fig. 43. 

It IS arocommendation of this plan that it retains the oil so 
that it flows back and is not driven from the points of contact, 
and the escapement is rendered somewhat less sensitive to the 
thickening of tlic oil ; but it is essential, when the face of the 
])allet is rounded crosswise, that both escape-wheel and 
pallets be planted with care so as to avoid oblique pressure. 

It is bettor to retain the form of the pallet rectangular, as 
shown in dotted lines at N or as at d. 

Finally the two faces may be pianos inclined to each other 
.so that contact only occurs against a rounded edge of the tooth 
as at D, Such an arrangement has, in the lever escapement, 
advantages analogous to those of a Breguot cylinder escape- 
ment (588). 

With a view to retain the oil Breguct made a cut 
in the ends of the teeth; others have drilled a h(»Ie; others 
again have formed a double groove or sloping notch (sho"U 7 i 
dotted at n) inclined from the side that rests against the locking 
face. These devices effect the desired object but they are little 
employed since the results obtained are not commensurate with 
the difficulties of construction; these results are very little 
superior to those secured by an ordinary wheel that is well 
made, by a watchmaker possessing the requisite knowledge of 
the laws of hydrostatics (81). 

Pointed Teeth and Teeth that terminate with an 
Inclined plane. 

740. — ^In France and Switzerland the teeth of lever es- 
capements are clubbed, that is to say enlarged at their extremi- 
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ties and considerably contracted towards the base. In England 
pointed or ratchet teeth are preferred. 

In the latter case the entire impulse plane is on the pallet. 

With clubbed teeth about one half of the impulse plane 
is on the tooth and the other half on the pallet. 

Lastly a third form has been tried in which the entire im- 
pulse plane is on the tooth. The pallet then becomes pointed. 

All these aiTangements are satisfactory, and good results 
have been obtained with them in the hands of intelligent 
horologists. 

Impulse plane on the Teeth. 

741 . — When the entire impulse plane fonns part of tlu' 
tooth of the wheel the pitch on the locking face can be reduced 
to a minimum as well as the clogging produced in course of time 
by the thickening of oil. Moreover the extent of the plane and 
the fact of its being isolated on a thin supjiort render it an eas}' 
matter to so adjust the plane as to avoid loss of time and to 
retain the oil ; this is not so essential when the wheel is of brass 
but still it is an advantage. 

This arrangement requires care and accuracy of con- 
struction ; and a watchmaker desirous of experimenting on it 
should ascertain, in accordance with the laws of our Theory of 
Escapements, what forms are best suited both for the impulse 
plane of the tooth and of the pallet ; the latter must not have a 
cutting edge. The action is j)recisely analogous to that of the 
incline of a tooth against the edge of a cylinder. 

A beautiful specimen of this form of lever escapement, 
perfectly made, was shown at the Exhibition of 1855 by it 
modest but very clever watchmaker, M. Sylvain Mairet of Lode. 

Escapement with Eatchet Teeth. 

743. — ^In a small work on watchmaking we read ; 
“Pointed teeth are best suited to the lever escapement be- 
cause they traverse a longer imj)ulse plane and therefore 
exert a greater force on the balance.” 

This assertion is utterly gratuitous. 

For consider an impulse plane nod (fig. 49) : the pointed 
tooth h will impel it backwards through the interval d h and in 
doing so will traverse the full extent, no d, oi the plane. Now 
assume half of the plane to be on the tooth and half on the 
pallet so that wo have the two inclines n i and i d. The corner 
i of the tooth will traverse the incline i d, and the comer d of 
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the pallet will be driven backwards over the plane n i. On tbo 
whole the displacement of the pallet will remain the same (/< d), 
and it will be just as if a pointed tooth successively passed over 
the two planes n i andi joined end to end, so that in fact their 
total length would be slightly in excess of that of the original 
plane nod. 


I 




Fig. 40. 

1 ?' 43 . — An escapement mth pointed or ratchet teeth has the 
following objections and advantages : 

Both the pitch with the locking face and the drop are very 
nearly doubled ; there is therefore an appreciable increase in the 
resistance opposed to unlocking, especially when the oil is at all 
thick. Out of the 10“ tlirough which the pallet moves, a greater 
proportion is expended in the unlocking (705). Lastly the fine 
pointed tooth must be made of brass, it is liable to wear and dis- 
tortion and is ill-adapted for retaining oil, which must be applied 
in very small quantity. 

On the other hand its advantages consist in : (1) the pallets 
having double width so that a greater quantity of oil is retained on 
them ; (2) the escapement will go for a considerable time after the 
oil has gone bad or thickened. Some watchmakers indeed do not 
put any oil on either the teeth or pallets when the wheel is made 
of a particular kind of brass, known in Fi*ance as English brass, 
but the point of the tooth wears in time ; lastly, (3) the escape- 
ment is more easy of construction. When this form is adopted 
the escapement can be made witli sufficient accuracy by ordinal’}' 
workmen ; for if the planes are inclined to the requisite extent 
there will be no time lost in the lift. 

Escapement with the Impulse plane partly on the pallet and partly on the tooth. 

744 . — As compared with the ratchet toothed wheel, the 
wheel with clubbed teeth possesses the following qualities: — ^It 
retains the oil better ; — The friction occurs at two points of con- 
tact instead of one; — The impulse commences with a shorter lever 
and is, therefore, more efficient; — ^No wear or distortion or varia- 
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tion of the acting surfaces need be feared when the wheel is care- 
fully made and of good material 5 — It is possible, within certain 
limits, to reduce the pitch uuth the locking faces if necessary, 
and thus, while diminishing the effect of viscosity on these surfaces, 
to increase the red lift that corresponds to a given apparent lift 
{?06) . — Lastly, the drop can be reduced to almost nothing. 

It is undoubtedly true that, as a sot off against these ad- 
vantages, it may bo objected that this escapement is of a highly 
scientific character so that its construction is a matter of some 
delicacy and requires the skilled hand of a first-rate workman. 


SrilMAET OF THE TWO LAST AETICLES. 

745. — The English lever, as usuall}'’ met with, can bo 
made by workmen of average ability, for its acting surfaces are 
somewhat extensive, escape-wheel easily cut, motive force con- 
siderable, and balance heavy, and yet it will possess a good rate, 
that is abundantly sufficient for the requirements of the public. 

The French escapement demands more care and delicacy 
of construction and a more thorough knowledge of the laws of 
mechanics and hydrostatics ; but when well made it gives a 
better and more uniform rate, that will remain the same through- 
out a very long period, since there is no danger of wear or 
distortion of the acting surfaces. 

In conclusion, then, the advantage is on the side of the 
French lever. It is not fair to make this excellent mechanical 
arrangement answerable for the ignorance of those manufac- 
turers, imfortunately far too numerous, who bring into tlie 
market such numbers of lever escapements that are contemptible 
either on account of their arrangement or workmanshij), and 
far inferior to the average class of English watch. 


The Drop. 

746. — The amoimt of drop depends on the pitching of the 
wheel and pallets. 

It is hardly necessary to observe that in the lever escape- 
ment no more drop should exist than is requisite to ensure the 
free action of the several parts ; for, besides having an influence 
on the timing, every watchmaker is aware that long drops occa- 
sion a shake of the lever, thus causing it to come away from 
the banking and to remain locked without any point of sup- 
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port ; iu which case very injurious friction will occur between 
the safety-pin and roller. This being so, how happens it that 
in a great number of Swiss wratches the drops arc excessive ? 
It arises from the fact that workmen do not as a rule take suffi- 
cient care to make the interval between the comers h and c 
(fig. 2, plate VII.) less than the distance bctw'ccn h and tlic 
resting point on the face c n of the pallet g, by at least the 
entire extent of recoil, etc. 


stnnABY or tjue rsixciPAi rcAtTicAi. data. 

747. — 77^5 cmin of the pallet-staff must, for equal impulses, be at the 
])oint of intersection of the two tangents to the wheel drawn at the extremities of 
the radii that pass through the middle points of the impulse planes of the pallets. 

When the impulses are required to be in proportion to the resistances, it 
will Ixi at the intersection of the tangents drawn through the entrance edges of 
the locking faces. 

Opening of the pallets (measuring the interval between the two locking faces 
or iKjtween the middle points of the impulse faces) : — two spaces and a-half, or CO^ 
for a wheel of 15 teeth and 75® for one of 12 teeth, etc. 

Draw: — 15® on the engaging and 12® on the disengaging pallet. 

Height of the impulse planes of the pallets : — from 5° to 6®, that is to say, 
such as will produce an angular movement of the lever of 10® to 12® at most (the 
smaller amount is preferable). 

These inclines should be straight. 

Height of the impulse planes of the teeth: — This is determined by the space 
that corresponds to about 2® or 8° taken from the 5® of locking. 

Total Lift: — between 45® and 60®, varying inversely with the size of watch 
and directly with the resistance, inertia and friction. 

Inclination of the front face of the teeth 20® or 27° as a rule. The teeth 
must be cut away at the back. 

Thickness of the pallet arul tooth taken together is exactly half the interva 
between the point of one tooth and the corresponding point of the next succeed- 
ing tooth (allowance being made for freedom). 

In factories the average dista?ice letiveen the centres of the pallet and lalancc- 
staff is made equal to the diameter of the wheel. 

The length of the fork arm of the lever should be : 

For a lift of 40®, 4/5^ the distance separating the centres. 

„ 45®, 9/ir^ 

„ 50®, 5/6‘^> 

„ 00®, 6/7«^* 

Dicemter of ruby-pin .—about a third the distance between the points of 
two teeth. 

This pin diould be either triangular or oval and flattened on its front face. 

Tor details as to the size of roUcr and the position of the ruby-pin see 
articles 731 and VIO 
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TO DESIGN THE LEVER ESCAPEMENT AND TO CALCULATE 
ITS PROPORTIONS. 

5'48. — If the reader lias attentively followed the preceding 
considerations, he ivill understand that in this osc.apcnient as in 
others, and even in a more marked degree than is the case witli 
these others, all the several dimensions arc correlated. The 
slightest change in one of these proportions will disarrange the 
harmony of the whole and render necessary a readjustment 
which, though at times only partial, usually extends to every 
part. On this harmony depends the accuracy of the results 
obtained ; but it must not be forgotten that when dealing with 
such microscopical quantities, whose reciprocal actions are often 
unknown to us, the experience and intelligence of the workman 
have to be relied on to supply various practical details that 
could not possibly be emmierated in an elementary treatise. At 
the same time, however, we can assure every intelligent reader 
that after studying this work, not merely reading it in a rapid 
and superficial manner, he will find that all those every-day 
difficulties, which have caused him so much trouble, cease to exist. 

It necessarily follows from the condition of the entire 
escapement being in harmony that, when one of the principal 
elements is known, it is possible to deduce all the others, so that 
it only remains to construct the escapement in accordance with 
previously ascertained dimensions. 

When results of exceptional acc\iracy are required, such 
calculations involve the use of trigonometrical formuhne that are 
unfortunately beyond the reach of a great number of readers; we 
shall, then, in nearly all cases employ the approximate practical 
method as we have hitherto done, and will subsequently give 
the mathematical solution. Those in a position to follow it will 
derive considerable advantage ; but it is advisable, before dis- 
cussing these methods, and in order to facilitate their use, to 
design the escapement on a large scale. Such a drawing if well 
made will give all the proportions of the escapement with 
sufficient accuracy. 

To Draw tbe Dscapemeiit. 

Plan of the Pallets* 

749 . — ^We shall pass rapidly over certain details, as those 
that have already been given in the discussion of the duplex 
(548) will be fresh in the reader’s mind. 
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The pallets we proceed to draw form part of what is knowTi 
0, right-line escapement with visible paUcU ; the equipoise of the 
pallets and lever, which is always necessary, is most easily 
secured with this form of escapement. 

It is one of those in which the lifts are equal, that is to say, 
the middle jjoints of the impulse planes are tangential. The 
lifting arc is 50®. 

Let the escape-wheel have 15 teeth and be 9 mm. in diameter. 

9 millimetres multiplied by 10 gives 90 mm. (3’5 ins.) for 
the diameter, and therefore 45 mm. (1*75 ins.) for the radius. 

From the centre a and with a radius of 45 mm. draw the 
circumference f g hi of the wheel (fig. 1, plate VIII.). 

Draw the two radii A D and A i:, inclined at an angle d A E 
of 00", the opening of the pallets (747) for a wheel of 15 teeth. 

At the extremities of these radii draw the two tangents d c 
and E c ; their point of intersection is the centre of the pallet-staff. 

Draw the line of centres A c n through the two points A and c. 

The width of the pallets is as we have already seen 
dependent on that of the teeth. Assume them to be equal, so 
that each will measure 6“ (one-quarter of 24® or the distance 
between two points). 

Mark the width of the pallets lightly on the circumference of 
the wheel, remembering that the lines a d, a e, must coincide 
with the middle points of these pallets. The points a and e are 
thus determined. 

From the centre a of the wheel draw, through a and c, tlu^ 
two lines a g, a f ; then through a draw the line a i making an 
angle G « i of 15° with o G ; and through c draw e J inclined at 
an angle f e j of 12° with e f. 

The two linos a i, e j will mark the locking faces of tlio 
pallets and, in order to determine the opposite sides of these 
pallets, it will be only necessary to draw the two lines 6 v, d h 
parallel to them through the points that fix the width. 

Draw the lines c w, c ii, cutting the line v J in ^ and l </ in 
d, and forming with the tangents c d and c e two angles e c h, 
D c w, each equal to 6°*, and so fixing the height of the impulse 
planes of the pallets. 

• In order to avoid crowding and confasing the diagram these angles are made to 
measure 6® instead of 6®. The additional degree makes up for tho loss of lifting action 
referred to in (T 04 ) and indeed for that due to the shake of the pinions ; as a matter of 
fact, the angular movement of the lever will never be more than 5®. 
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After joining a and J and e and the pallets may be inked 
in as "well as such dotted lines as it may be desired to retain. 

To draw the wheeL 

750. — ^From the point a draw a q making an angle q a a of 
25'’ or 28° with the radius a a of the wheel. The line Q a gives 
the inclination of the front face of the tooth. (If the exact amount 
of this inclination is required it will be necessary to draw the 
disengaging pallet in the position of locking, the tooth resting 
against the locking face. The front of the tooth must then be 
inclined to the extent requisite to prevent adhesion.) 

The interval between each two teeth being 24°, mark round 
the circumference of the wheel, commencing from the radius a a, 
the points /*, g\ k\ i', f, I' p, q', separated by 24° from each other ; 
then, behind these points at a distance of 0° (or the thickness of 
a pallet) mark the other points /, g, k, i,j, /, q. The points f,g', 
etc., give the positions of the front faces or points of the teeth 
and /, g, k, etc., indicate the heels. 

To draw the front faces, from the centre a draw the circle 
to which Q a is a tangent ; it will then only be necessary to draw 
tangents to this circle through the points f, g', etc., and these 
will give the inclination of the front faces. 

Since the angle hop indicates the angular movement of the 
lever, that is to say the depth to which the point of the pallet 
enters within the circumference of the wheel, the line c p fixes 
the depth of the space between two teeth ; this amount is always 
exceeded when scribing out the rim of the wheel in order better 
to ensure freedom. 

It will be seen from the engraving that the radius of this rim 
is one-fifth or one-sixth less than the total radius of the wheel. 

From the centre a of the wheel describe the dotted circum- 
ference/' g' k', etc., which should overlap about half the im- 
pulse planes on the pallets (more or less aceording as it is intend- 
ed to increase or diminish the pitch with the locking faces). 
The distance between the two dotted circles indicates the height 
of the small inclines formed on the teeth. They may be drawn in, 
us well as the back faces of the teeth, which should be much cut 
away, in order to avoid contact with the pallet, d, when in motion. 

All the portions of the drawing that it is desired to retain 
may now be filled in wdth ink. 

To draw the lever, roller, etc. 

751. — From the point c, the centre of the pallet-staff, and 
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with a radius equal to the diameter of the wheel, mark off the 
point B, the centre of the balance. (This is a mean between 
the dimensions in general use. The watchmaker must decide 
for himself as to whether it can bo modified with advantage, 737.) 

Draw the lines c m, c n, inelined at angles of 5® on either 
side of the line of centres c b ; the total angle m c n will thus be 10®. 

From the centre B draw the two lines b e, B s, each forming 
an angle of 25® with the line of centres, and therefore enclosing 
an angle, R B s, of 50® (701). 

With B as a centre and the radius B o describe the arc T t'. 
The point at which this cuts the line of centres gives the middle 
of the ruby -pin and this may now be drawn in, making its 
greatest diameter rather more than the width of a pallet (733), 
and its least diameter two-thirds the greatest. 

From the centre of the pallet-staff, c, with a radius c o, 
describe the arc o 2 x, which determines the length of the lever 
measuring to the corners of the horns. 

The notch in the lever is of such a depth as to guarantee 
perfect freedom in the action of the ruby -pin. 

The circular arc r s, passing tlirough the base of the notch, 
fixes the position of the point of the dart (indicated by dotted 
lines) or of the guard-pin, and the point of intersection of k s 
and c M, that is u, gives the size of the roller. 

In the case we are considering, however, the guard-pin is 
replaced by a projecting tongue, and instead of a table-roller 
there is a safety-roller. 

With the centre n and a radius equal to two-thirds the 
length B X describe a circle to represent the size of the roller 
(733). This circle cuts the line c m in m. The arc M r N passing 
through this point and described with the centre c determines 
the position of the point of the projecting index-piece. 

AVlien the balance-staff carries a table-roller, the size of the 
passing-hollow is ascertained by drawing from the centre D (fig. 
3, plate VIII.) two radii, m and n, passing on either side of the 
ruby-pin through the points of it by which contact is last made. 

Its depth w'ill be determined by allowing a sufficient in- 
terval of safety beyond the point of the dart. 

As regards the width of the passing-hollow it must not 
exceed the lifting angle (o B x, fig. 1). 

In order to ascertain the angle between the two arms x, x', 
in escapements in which the lever, during the locking, banks 

28 
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against the axis of tlic escape-wheel, two lines, c z, c o, ave 
drawn from the centre c (fig. 1) of the pallet-staff, tangential to 
the axis of the wheel (which is at times made somewhat larger 
at this point), the pallets occupying the position indicated in 
the figure ; then draw two other lines c v, c y, making the 
angles p c z, y c o, with the first pair of lines, each being equal 
to an angular movement of the lever during a half-lift ; say o". 

The angle y qv gives the interval between the arms. 

Two observations remain to be made. 

When the ruby-jiin is carried on a small projecting arm, 
this sliould always bo prolonged so as to form a counterpoise 
and prevent any disturbance in the equipoise of tlie balance ; 
the form indicated at x: z satisfactorily answei’s the purpose. 

The internal faces of the horns should not be struck from B 
as a centre, but from two points to the right and left of B and 
indicated in fig. 1 by the small figures 1 and 2. The point 1 
serves as a centre for the inner face of o, and 2 for that of x. 

Tlieir radius of curvature should be such that, when the es- 
capement is in the position indicated in fig. o, the concave surface 
of the horn is approximately parallel to the path of the ruby-i)in. 

In practice the radius is usually equal to the line B o. 

Having now decided upon all the im])ortant dimensions, it 
only remains to draw in the lever, giving it as graceful a form 
as is possible, but at the same time taking every precaution to 
ensure that the piece may be evenly poised. 

The escapement will thus be complete, and well pro- 
portioned in all its parts. 

If now we assume the wheel to be set in motion, the tooth 
k It' (fig. 1) will move up to the impulse plane a b, force it back- 
wards through an interval of about 5°, and, at the termination of 
this half -lift, the tooth y will fall against the locking face of the 
pallet E, which by that time will have moved inwards towards the 
rim of the wheel as far as the line c P. The acting surface of 
this locking piece will be included within the angle h c E, and, 
since the small incline on the tooth reduces the amount of the 
locking by 2“'5 or 3", the actual pitching of the tooth and pallet 
will only be 2® or very little more. 

The passage of the tooth in contact with the pallet d causes a 
movement of the lever of 5°, so that the middle of the lever will be 
brought on to the line c n; in moving to this position it will have 
driven forward the ruby-pin so that it emerges from the notch. 
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leaving the fork in such a position that it can re-enter this notch 
on its return, without coming in contact with the horn (fig. 3). 

The lever will he compelled to remain against the hanking 
by the roller passing with very little freedom in front of the 
dart or guard-pin, etc. 

To calculate the Proporfioum of an Escapement assuming 

only the diameter of the Escape-whcel to be known. 

Employing only the Elementary Eules of Arithmetic. 

4 5:2. — Assume the wheel to have 1 5 teeth and to be 8 milli- 
metres (0‘315 ins.) in diameter and take OT mm. (0*0039 in.) 
as a unit of measurement. 

Tlie diameter of the wheel will then be 8 multiplied by 10 
<;r 80 tenths . 

Jlultiply tliis latter figure by 3*14*; this gives 25T20 as 
tlie circumference of the wheel. 

Tlie circumference (251*2) divided by the number of teeth 
(15) gives as a quotient 1G*74 ; this then is tlie interval between 
the points of two teeth. 

The two points are then 10 tenths and 74 thousandths of a 
millimetre apart or, in round numbers, 1*67 mm. 

Since the space between two points is equal to twice the 
Avidth of a pallet plus twice that of the head of a tooth, and 
.since the tooth and pallet should be of equal thickness, it follows 
that TG7 mm. divided by 4, or 41 hundredths will be the thickness 
of each pallet and tooth and, moreover, of the cutter employed 
for cutting the pallet arms in order to insert the ruby pallets. 

Tlie interval between one point and the next comprises a 
tooth and space ; the thickness of the cutter for making the teeth 
of the wheel should then be three-fourths of TG7. 

It is, however, impossible to cut a wheel satisfactorily by 
means of a single cutter. It must be done in several rotations, 
or at once by employing a double cutter (fig. 11, plate VIII.) 
Avhosc two acting faces are separated by an interval equal to 
that betAveen die face of one tooth and the heel of the next but 
one in front, that is by 2*93 mm. 

The spaces betAveen the teeth ( 750 ) should have a depth 
equal to about 1 /5^'’ the radius of the wheel, and thus the dia- 
meter of the rim Avill be 80 tenths minus l/d*^** of 80, or 64 tenths 
at most, and the depth of each space will be 8 tenths. 

* Since the geometrical ratio of the diameter to the circumference is, as we have 
seen 3*141592, it follows that if the diameter is 80 the circumference must bo 

80 X 3*14. . . . 
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The opening of the pallets ( 687 ) includes the points of 
throe teeth and half an entire interval or, in other words, tw» 
and a half inten’^als, and is therefore equal to 10-74 tenths 
multiplied by 2 ‘ 5 , that is 4-18 mm. along the circumference. 

The width of the pallet should equal tliat of the tooth, that 
is it should be a quarter the distance between the points of two 
teeth (-^-j or, approximately, 4 temths ; the extreme diameter 
of the ruby-pin may then be 5 tenths and the least diameter 
rather more than 3 tenths. 

753. — If, instead of assuming the circumference to be divided 
in tenths of a millimetre, we assume it to be divided into degrees, it 
will be evident that, for a 15-tooth wheel, tlie openingof the pallets 
should be 00°, the thickness of each pallet 0" and that of a to(tth G“. 

Thus for a 15-tooth wheel 80 tenths of a millimetre in 
diameter, and, therefore, having a radius of 40 tenths : 


The opening of the pallets is 

4*1 8'“"*- or 00''. 

The breadth of each pallet 

0‘11 „ (;>. 

The breadth of each tooth 

0-41 „ 0® 

The thickness of the cutter for slitting the 
pallet arms 

0-11 

The thickness of the double cutter for forming 
the teeth 

203 

The depth of the spaces about 

0‘8i) 

The extreme diameter of the ruby-pin 


The least diameter of the ruby-pin 

0-30 

The size of the notch in the fork allowing 
freedom 

0*70 


In considering the practical details connected with the 
lever escapement we shall give the method to bo adopted for 
determining the several dimen.sions that are not mentioned in tlio 
above table ; such as theheight of the impulse 2danos,theposition of 
the ruby-pin and guard-pin, the length of lever, diameter of roller, 
etc., etc. These can bo ascertained without difficulty by care- 
fully drawn lines on the calliper of the escapement, which will 
render it easy to rough out the whole with sufficient accuracy. 

To calculate the proportioas bj the aid of Trigonometrical Formulae. 

754 . — The preceding method will suffice for the groat 
majority of watchmakers ; but for the benefit of those familiar 
•with trigonometry we proceed to explain a mode of calculation 
that is both more exact and more complete than that just given. 

We will assume, as before, that the wheel has 15 teeth and 
is 8 millimetres in diameter and take the tenth of a millimetre 
as a unit of measurement. 
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It is essential througliout the calculation always to retain a 
sufficient number of decimal places when very accurate results 
are required. 

The early portion of the process is precisely similar to that 
ulrcady explained. 

The dianicter of the wheel is, then, 8 x 10 or 80 tenths. 

The circumference is 80 x 3T41G = 25T32. This 
circumference divided by the number of teeth gives the 
interval between tlie points of any two eonsecutive teeth. 

I’his interval being known, ascertain from it, as before, the 
thickness of the pallets, of tlie tooth and of the cutters employed 
to slit the pallet-arms, and to cut the wheel. 

The radius of the wheel is 40 and this number divided by 
Jj gives the depth of the .spaces. 


11 



r 

i ' - 

./! 

1 

I 

' / 

, I ' 

\ ' 

Fig. 50. 

The triangle a e c (fig. 1, plate VIII. and fig. 50 in which 
the lettering is identical) is rectangular, having one side and 
the three angles known. The side A E (or the radius of the 
wheel) is 40. c e a is aright angle, c a e is half the angle of 
the opening (30"), so that a c e is 60". We have tlien, in fig. 50, 
representing each angle by the letter at its summit, e 90 , 
A = 30", c = CO", b = 40, and by Trigonometry 

Sin c — - 
a 

and Tm c = 

c 
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Resolving these ccpatlons we shall be enabled to find the- 
value of o, or the distance between the centres of the wheel and 
pallet-staff, and of c, or the length measured from this latter 
centre to the middle of the pallet, in other words the point of 
intersection of c e, a e (fig. 1, jdate VIII.), which may now bo 
fixed by striking two intersecting arcs with the compasses. 

The distance between the centres of the balance and pallet- 
staff is not required to bo any definite quantity, bxit is usually 
made equal to the diameter of the wheel (7.>1). Let us adopt 
this figure. 

Examining the triangle ce n (fig. 1, plate VIII.) avo see that 
the side c b is known (80), and that the angle n c o is the 
angular moTement of the lover, say 5"; the angle e n c is half the 
total lift (say 25"), and therefore the angle i! o c measures loO". 

In fig. 50, where this angle b o c is represented by b o a, 
we then have : c — o", n = So", o = 150 ",/ ~ 80. 

And the proportions : 

S/n o : B — / : d 

Si)> 0 : Sin a — / : h. 

will give the A^alue of d(o G in fig. 1, plate VIII.) or the length 
of tlie lever measured from the centre of pallet-staff to the 
commencement of the horns, and the value of h (o b in fig. 1) nr 
the distance between the centres of the ruby -pin and balance-statl'. 

Having determined the dimensions of this ruby-pin as 
already ex 2 )Iained, the dejjth of the notch in the fork can be 
estimated, and, deducting this amount from d (fig. 50), we can 
form a new triangle b o' c of Avhich one angle and two sides 
are known, namely c = 5", / = 80 and d' = d minus the depth 
of the notch. (We here assume that the guard-i)in is on a level 
with the base of the notch.) 

Re.solving this second triangle we obtain the value of li 
that is the radius of the roller. 

The several steins in the jirocess are 

Sin 0 : Sin B = / : d . 

Sin o' + Sin B : Sin o' — Sin b = / + </' : / — d. 

Sin O' + Sin B : Sin o — Sin n — tan ^ (o' + b) : tan | (o' — b).. 
and, when o' has been determined, 

Sin o' : Sin C ==/ : li. 
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All the proportions of the escapement have thus been 
accurately determined with the exception of the heights of the 
inclines, which can be so easily fixed upon practically that it is 
quite useless to resort to a complicated trigonometrical problem , 
that would involve considerable difficulty in its application, owing 
to the smallness of the angles and surfaces under consideration. 
The same may be said of the passing-hollow in the roller. 

The dimensions obtained by calculation can be easily trans- 
ferred by employing either a micrometer or a proportional compass. 

Having once determined the relative dimensions of an 
escapement, it is possible, by assuming the diameter of the wheel 
to be either 1, 10, or 100, to ascertain the relative sizes of the 
.several parts of any other escapement providing that we know tlie 
diaihcter of the wheel and the number of its teeth. 


CHAPTER HI. 

COXSTULCTIOX AND REPAIR OF THE EEAER 
ESCAPEMENT. 

Practical details relatius to the Escape-wheel. 

X55t — The wheel may be made of either steel or brass- 

A brass wheel is, however, better than one of steel ; and we 
can here only repeat what has been already said in article 550 
AVe refer the reader to it, and would point out that it is by no 
means a very rare occurrence to meet with a lever escapement 
with a steel escape-wheel in which the locking faces or impulse 
planes are pitted, in consequence of the mechanism having gone 
for a long time after the oil on the pallets had dried up. This 
results mainly from the employment of Balas or Spinel instead 
of Oriental rubies, the only kind that ought to bo used. 

Wlien making an escape-wheel, the brass known in Franco 
as laHon a la croix must not be adopted until it has been satis- 
factorily experimented on, although it is recommended in a 
manner far too positive by many makers ; neither is it well to 
adoj)t any of those kinds of brass that arc very malleable, for they 
require a prolonged hammering and should be much reduced in 
thickness by the hammer in order to acquire the requisite hard- 
ness. Brass of this quality bends when the teeth are cut and 
thus the wheel is distorted. 

The workman should select a quality of brass that is some- 
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what brittle, in other words one that is rapidly hardened under 
the hammer and does not require to be very materially reduced 
in thickness. 

These details will suffiee for every intelligent watchmaker; 
his experience and discretion can alone guide him in the absence 
of very exhaustive directions, such as cannot find a jdace here. 

In factories the escape-wheel is made of a size that is quite 
empirical, being primarily determined by the radius of the 
fourth wheel. It is imjDortant to remember what has already 
been said as to the gradual decrease in the radii or levers of the 
train (345, 399), a decrease that should be somewhat more 
rapid in the case of a small watch, for reasons analogous to 
those given when considering the cylinder escapement (490) ; 
but, assuming aU the proportions to be alike in two watches 
that have the same general dimensions, one being a cylinder 
and the other a lever, the diameter of the lever escape-wheel 
should be slightly less than that in the cylinder. Experience and 
a study of well-proportioned watches will indicate to the maker 
how much this difference should be. It might, approximately, 
be ascertained by calculation but the discussion of this nudhod 
would lead us beyond the limits of an elementary treatise. 

In English watches, where the balance is larger and the 
vibrations sloAver than in those of French make, the diameter of 
the escape-wheel is made about one-sixth less. 

To make tlie Escape-wlicel. 

756. — The lever escape-wheel presents fewer difficulties of 
construction than a duplex. 

A steel wheel with clubbed teeth may be made Avith 
ordinary cutters, but a pair of these arc necessary ; one, cutting 
with its edge, to form the straight faces of the teeth and to cut 
out the spaces, and the other cutting with its edge and side in 
order that it may round the back of the teeth. These two 
cutters may be rigidly connected together (fig. 11, plate VIII.). 

Every watchmaker will be able after a few trials to prepare 
his own cutters. 

The steel should be first thoroughly annealed and care 
should be taken in cutting the wheel only to remove a small 
quantity of matter at a time, to keep the cutter supplied with 
oil, and to clean it from time to time with a scratch-brush. 

A brass wheel may bo cut either with a single rotating 
cutter, a hooked cutter or by one of the ordinary form. 
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As in tho case of a duplex wheel, the entire mass of metal 
between two teeth must not be removed at once but by several 
successive operations. 

To ascertain tho position in which to set the cutter so that 
the front face of the tooth may be made of the required inclina- 
tion, a disc of tho same diameter as the wheel must be fixed on 
tho table of tho cutting engine. Having set the point of the 
index in a division’in the 3G0 circle and fixed a sharp pointed 
cutter on the arbor, so setting it that its point corresponds accu- 
rately with the axis of the table, that is, with the pump centre, 
a mark is made on tho edge of tho disc ; after moving the index 
over a number of divisions corresponding to the degrees of in- 
clination of the face, a second mark is made on the edge. The 
interval between these (o a, fig. 10, plate VIII.) gives the dis- 
tance at which the face of the cutter that forms the straight 
side of the tooth should be set on one side, in other words it is 
the distance of this face from the perpendicular drawn to the 
axis of the cutter and passing through the centre of the table.* 

The small inclines at the extremities of the teeth arc 
usually formed on the cutting engine, employing a cutter whose 
edge is inclined to the same extent as the planes arc required to 
be. They can also be formed on the tool used for making the 
inclines of cylinder escape- wheels or some analogous appliance. 
Some such method is best for those who but rarely have occa- 
sion to make an escapement, since it is then possible to test the 
inclination and to adjust it so as to give the rcquii'cd depth on 
the locking face. It moreover has the advantage of enabling us 
at the same time to true the circumference of the wheel. 

This incline of the teeth is made straight in the direction 
of its length but is very frequently rounded crosswise. (See 
J'.'JS and the following articles.) 

When the inclination that should be given to these inclines 
is not known with sufficient accuracy to enable the workman to 
finish them, he must wait till after completing the pallets. A 
verification on the depthing-tool will enable him to determine 
the exact degree of inclination that is needed. 

It is a mistake on the part of the Swiss workmen to polish 
the bevel of the teeth ; fine smoothing is preferable, for the oil 
will adhere more firmly and will be retained in greater quantity 

• The angles o d a (of 27®) and dob (fig. 10) are equal since they are internal 
nnd opposite angles. 
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on its surface and more easily distributed ; it •will therefore keep 
the acting surfaces lubricated during a longer period (81). 

A brass wheel can be hardened by a suitable annealing. 
For details of execution that are common to the lover, duplex, 
cylinder and, chronometer escape-wheels, sec the articles 
specially devoted to these latter. 

To design and execute the Pallets. 

757* — The lever and pallets arc sometimes made of one 
and the same piece of steel ; but generally they are separate and 
maintained in their required positions by a screw thread cut on 
the staff and by steady-pins. In this case we might make the 
lever of brass, and thus avoid the necessity of jdacing oil on the 
ruby-pin. When the lever is of steel, in the best class of 
escapements, it is a frequent practice to face the notch of the 
fork vdth gold ; but, even when tliis precaution is taken, it is 
always wise, according to the experience of our best makers, to 
provide both it and the ruby-pin with oil. 

In factories a distinction is drawn between visible ruhj pal- 
lets such as are seen in fig. 2, plate VII., and fig. 1, plate VIII. , 
and covered pallets. In these latter the rubies are out of sight, 
being let into notches cut in the pallet-arms. This form is less 
ornamental than the other and slightly increases the weight, 
but it has the advantage of more effectually retaining the oil on 
the acting faces, providing care is taken to allow the steel to 
project a little beyond the inclined planes, while, at the same 
time, seeing that the thickness of the rubies and pallet-arms 
is not in excess of that absolutely required. The oil is then 
retained in sufficient quantity in the grooves formed between 
the steel faces and the ruby. 

The construction of covered pallets, retaining the lever 
light and conforming to the principles we have laid down, pre- 
sents greater difficulties than does that of visible pallets. The 
sho'winess of this latter, which should influence the seller rather 
than the maker, together with the above facts, makes it pre- 
ferred in the more expensive class of watches. Its construction 
from a mechanical point of view leaves nothing to be desired, 
and it is confided to the most skilful workmen, whereas those pos- 
sessing less ability are employed in making covered pallets; 
hence it follows that these latter are generally so heavy, so 
badly made and in every respect so inferior to the others that 
they have only been used in very common work. 
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At the present day, in Switzerland, escapements are made 
by piece-work, that is to say each workman is specially skilled 
in the construction of one particular piece and confines liis 
attention to it without regarding the others, or even the pro- 
portions they should bear to each other ; indeed he is nearly 
always incapaljlc of understanding such proportions. 

One is solely engaged in cutting out the pallet-arms with 
the punching niacliinc ; another shapes and finishes them to a cer- 
tain invariable pattern ; another makes the pallet-staff; another 
tlio roller, etc. By adopting this system they are actually en- 
abled to produce a comjdete lever escapement for a few francs. 

To draw the calliper of a right-angled Lever Escapement, 

758. — When about to make a pair of pallets it is in the 
first place necessary to draw the calliper of the escapement with 
very great care. 

"J'hc distances between the centres of movement should bo 
known. 

On a smooth brass plate, perfectly flat and not less than 
2mni. (0 079 ins.) thick, mark and drill a hole for the centre of 
the wheel, previously scribing out its circumference carefully 
(fig. 5, plate VIII.). 

Assuming the wheel to have 15 teeth the angular opening 
of the pallets will be 60“, 

Wax the plate (which we will terra calliper Xo. 1) on the 
table of the wheel cutting engine, centring the wheel by the 
hole (a) on the pump centre. After sotting the index in a division 
of the 360 circle, draw the line a h (fig. 5) employing a pointed 
tool in place of the cutter. Now rotate the dividing plate 30 
divisions to the right and draw the line ad; and then turn the 
plate again 60 divisions to the left and make the mark a c. The 
angle d a c oi 60" is the angular opening of the pallet ( 750 ), 

Having removed calliper 1 from the table, mark the points 
of intersection of the lines a d, a c, with the circumference witli 
very great care, and at these points d and c drill two fine holes. 

Now replace it on the table using c as the centre. The 
index must be placed in a division of any circle divisible by 4 
of the dividing plate and the lino a c set perpendicular to the line 
of the arbor centres (which can be verified by causing the point 
of the tool to traverse the entire length oi a c); then turn the table 
through a quarter of a complete revolution and draw the line e 6. 

Proceed in the same manner to draw the line d 6, using d as. 
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a centre. The intersection of these two lines cb, db, gives the 
point b where a hole must be drilled, taking very great care to 
avoid displacing the centre. 

If the position of the balance-staff is not given it must be 
determined, and a hole, y for example, drilled to indicate its 
centre. The calliper 1 is again fixed on the table (using b txs a. 
centre and setting the index in the 360 circle) and the line b// 
drawn, i^assing accurately through the point g. Count five 
divisions to the I'ight and draw the line b and, after moving 
the table ten divisions to the left, draw the line h j. 

The hole g must next be used as a centre and proceed in 
the same manner to obtain tlie lifting angle ; that is to say, 
with the index in the 360 circle and the line i y in a direction 
perpendicular to tlio arbor of the cutter, move the dividing 
plate through as many divisions as there are degrees in tlie 
half-lift, say 25" ; draw the line g h and, after moving it back 
through 50 divisions, draw the line g 1. 

From the centre y, using a small and well-made screw bar 
compass, draw the circle Jc passing through the point of inter- 
section of the lines b i, g h. The point, s, where this cir(;um- 
ference cuts the line of centres gives the position of the ruby- 
pin, and a hole must be drilled here. 

With the centre b draw the arc m n which determines the 
length of the lever ; and from the centre g draw the circular arc 
3} to determine the extremities of the horns. 

The concave faces of these horns must not coincide with 
the arc v, for they ai*c drawn from two eccentric points situated 
ubove and below y (75 1). 

These two points are usually detci'mined by the intersec- 
tion of an arc, described with the radius b y, with two small arcs, 
struck with the radius g v and the upper corners of the notch in 
the fork as centres. The lower point thus determined is used 
to strike out the upper horn and vice versa. 

The calliper of the escapement is now very nearly com- 
plete, for we know : the jdanting points b, g; the position of 
the ruby-pin ; the length of the lever, etc. ; and, as a matter of 
fact, this is all we require. It is, however, well, because it 
both facilitates the succeeding operations and avoids confusing 
the lines on calliper 1, to prepare a second plate, which wo 
will term calliper 2 (fig. 6, plate VIII.) and, after fixing it face 
to face with calliper 1, to drill the holes «, i, y, d^ c, z. 
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The holes, c, d, arc now enlarged until their diameter is 
equal to the thickness of a pallet arm; no difficulty will bo 
experienced in this operation since we know the size of the 
escape- wheel (753). 

Pinlarge tlie hole for the ruby-pin (widening it, if neces- 
sary, so as to bring the two points of contact of this pin on the 
circular arc k in calliper 1), and make the size of the hole equal 
to the diameter of the ruby -pin. Taking the edge of this hole 
as a guide we may determine the position of the guard-pin or 
dart, and then the size of the roller (7:»), unless it is preferred 
to wait until the pallets ai’c cut. It will be well when making 
the roller to keep it slightly larger than that determined upon, 
c\'(ai though it be necessary to reduce it after verifying the 
escapement. 

Taking as a centre, draw the line of centres a b by moans 
of the pointed cutter on the wheel cutting engine; then rotate 
the dividing plate so as to draw the line b g making a known 
angle with the first, etc. 

In the majority of callipers, other than those for straight 
line levers, the perpendicular to a i at the point b passes 
through the centre of the balance as shoum in fig. G. 

Having placed calliper 2 on the tabic of the cutting engine, 
taking d as a centre and the index in the 360 circle, draw the 
line a d It (a radius of the wheel prolonged) ; now moA’c the 
plate through 15 degrees to the left and draw the line d v ; and, 
finally, two linos pai’allcl to this and touching the two opposite 
edges of the hole d. 

Proceed in the same manner with the hole c, but the 
dividing plate must only bo moved through 12 divisions. 

Drill tAvo holes P, Q. Those holes, whoso use will bo 
presently explained, should be made just beyond the edge of the 
pallet-arms Avhen completed, that is to say, they should fall in 
that jiortion of the metal that would be ultimately cut away. 

With the help vi these callijjcrs, 1 and 2, the pallets can 
bo made without much difficulty and, as will bo seen, only a 
little care and dexterity are required. 

Circles on tke Dividing Plate that can be made available in piece of llio 3G0 circle. 

759. — We have indicated in the preceding article that all 
the angular divisions should bo made Avith the 360 circle ; but 
since, in the majority of wheel cutting engines, such a circle 
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does not exist, wc would point out tliat the following? numbers 
(or multiples of them) may be used in place of it. 

In fixing upon the opening of the pallets, the index may be 
placed in the 12 circle; the distance between two divisions is 
then 30°. 

Two linos can bo drami at right angles to each other by 
using this same circle, since 3 divisions include 3 x 30" or 90". 

For the angle of 10" traversed by the lever, use the num- 
ber 72 ; an interval then includes .D". 

Mark out a total lift of 40" on the 18 circle, each interval 
of which corresponds to 20°, or on the 3C circle with intervals 
of 10", etc. 

A lift of 4o" requires a circle of 144 divisions, where eucli 
interval represents 2’0". 

For a lift of .50" employ the 72 circle, where each division 
is equal to 5". 

Lastly, the draw or inclination of the engaging j)al]et is 
given by the 24 circle, each division of which is 15" ; or on the 
48 cu’cle with intervals of 7‘5" : for the draw of the diseiiiiaiiimr 
pallet use the 30 circle with divisions of 12" or tlie GO circle 
where they are G", etc. 

To rough out the lever and pallets. 

760. — Having prepared a piece of steel of the pro])er thick- 
ness and large enough to cover the holes d, p, q, y, c, (tig. G, 
plate VIII.), draw the lino x y on it (fig. 8) and, on this line, 
drill the centre hole r in a convenient position. The sted 
plate is now held against calliper 2 (fig. 6), an arbor or ])er- 
fectly round pin passing through r in the steel and b in cal]ij)er 
2, and, when the line x y has been brought to coincide accu- 
rately with the line b y (calliper 2, fig. G), the two are firmly 
held together by clamps or any convenient means, and the holes 
d, f, y, r, Q, P, arc first pointed through and finally drilled in 
the steel plate on the drilling tool. 

These holes should be precisely of a size with those in 
calliper 2. 

Prior to removing the future lever and pallets from the calli- 
per, describe, with the centre a and the radius of the escape-wheel, 
an arc of a circle, and draw lines corresponding to the two pairs 
of parallel lines touching the holes c, d. The lines thus drawn 
on the metal will serve as guides and marks for checking the 
work during the subsequent process of cutting the pallets. 
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Cut away the front of the steel plate hy means of a file to 
the form shown in fig. 8, taking particular care however to remove 
rather less than half the holes, in other words only the amount 
included between the parallel lines indicating the pallet arms. 

The pallets are now veady to bo cut. 

To cut the pallet-arms, prepare a pivoted disc, etc. 

701. — Pallets are usually cut on a wheel cutting engine 
specially arranged for the work; but as the majority of work- 
men have not access to sucli an instrument we will proceed to 
exjtlain another method which is very simple and can be 
])ractiscd without difficulty. Those who thoroughly grasp it 
will, after a trial of this method, be able to make for themselves, 
if ne(Mlful, the additional appliances that are required for cutting 
pallets in a cutting engine. 

In the absence of such a suitable tool, the pallets may be 
cut on the depthing tool; a .small accessory piece which we 
have termed the pivoied disc is in this case necessary, and the 
following is the mode of making it for the case under 
consid('ration. 

d’ake a steel plate about 2mm. thick and give it the form 
shown in fig. 7, plate YIII. C'arefully turn the two points and 
make the cylindrical arms of equal diameters ; then smooth the 
upper face of the disc so that it is level with the arms on either side. 

Draw the line cd passing accurately through the points; and 
on this line at the centre of the disc drill a hole s. 

Having waxed the disc on the table of the wheel cutting 
('ugine (using as a centre) ascei'tain that the line c d is placed 
in a direction exactly perjKmdicular to the axis of the cutter 
arbor, in other words that, when the dividing plate is held at 
zero on the 360 circle and the point of the cutter coincides 
accurately with that of the pump centre, this cutter will 
throughout its entire path traverse the line c d. 

After making this verification, move the index through 42 
divisions of the plate towards the right and draw the line b n ; 
bring the plate back to its zero position and then turn it through 
lo degrees towards the left so as to draw the line a m. 

These two lines should be continued across the edge of the 
disc in the manner indicated at b and «?, fig. 7. 

The dise is now removed and fixed on calliper 2 by means 
of a pin or arbor passing through the hole s of the disc and the 
centre b of the calliper. AVhen the line ^ » of the disc coincides 
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accurately with b g on the calliper fix the two superposed pieces 
in position by clamps or, preferably, by a small hand vice faced 
with brass, and drill the hole c in the disc corresponding to q in 
calliper 2. 

Proceed in the same manner to obtain the hole f (fig. 7) 
which should correspond to p (fig. 6) when the line a m (fig. 7) 
corresponds ioh g (fig. 6). 

Having cut the two notches in the disc that are required 
for the passage of the cutter and smoothed the upper face, clear- 
ing it of all irregularities, sliglitly enlarge the three holes 5, c, / 
(fig. 7), and fix in them three pins of blue steel turned true and 
projecting above the surface of the disc by rather more than tho 
thickness of the pallets and lever. 

The pivoted disc* is now complete ; place the pallets on it 
(d, fig. 7) and fix them with shellac ; then place tho disc between 
the centres of a depthing-tool which must bo adapted for being 
held in the vice. 

The arbor carrying the cutter is placed between the otlior 
pair of centres and can easily bo brought to the required position 
since the parallel lines on the pallets should fall accurately on 
either side of the cutter ; and, moreover the half circumference 
of the hole that is not removed forms a very safe guide (752). 

As the diameter of this hole is equal to or slightly greater 
than the width of a pallet-arm, the cutter should just pass easily 
into the space. 

When the notch for the disengaging ruby pallet has been 
cut, remove the pallets from the disc and wax it on afresh ; its 
centre hole is put on the pin s (fig. 7) and the hole ^ on the pin 
/, and then proceed as in forming tho other side. 

The line x y will serve as a guide to ensure that the two 
notches are cut of equal depths. 

The pivoted disc can, if needful, be used for cutting pallets 
of very difierent sizes; and only the central pin need be retained, 
the other two being suppressed providing they are replaced by 
screws so situated that, when the pallets are laid on the disc 
with the line x y (fig. 8) coincident with a m ox b n (fig. 7), tho 

♦ TTie triangle a b c (fig. 9) is equiangular. Tlie angle b c a being equal to 60®, 

B c H will be 120°. Considering now the triangle d H c, we know that c d h is 12°, 
so tbe angle c H D must be 48®. 

A perpendicular drawn from the centre m on the line h n will give tho rectangular 
triangle m n h, in which M H N measures 48°; h m n is therefore 42% 

Similar reasoning would show that a m & must be 15% 
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mere turning of these screws will suffice to firmly clamp the 
pallets upon the disc. (If any fear is entertained lest the 
arrangement be disturbed, a little shellac may be run round 
the pallets after they are clamped.) 

The angles here prescribed are those ordinarily employed ; 
if greater accuracy is desired in the inclination of the locking 
faces, they must be previously determined by means of a large 
scale drawing. 

Finishing the Pallets and Lerer.— To mate the Boiler. 

762. — After cutting the pallets, describe, with the hole y 
(fig. 8, plate VIII,) as a centre, the small circular arc v (figs, 5 
and 8), which determines the length of the lever and the starting 
points of the internal curved faces of the horns. The hole ur 
(fig. 8) has a diameter equal to that of the ruby-pin, and it will 
therefore only be necessary to slightly extend this hole towards 
the centre r and square it up, to complete the notch of the lever. 
If a more accurate form is desired it may be finally shaped by 
means of a cutter. 

There is no occasion to remove all the metal within the 
small circle v (fig. 8), but it should be cut away up to two short 
arcs struck within this circle, with its own radius and from 
excentric points above and below the hole y, as indicated at y, fig. 
5. The lower point serves as a centre for the upper horn and vice 
versa. A slight excess of metal should be left, and the final ad- 
justment made as needed, after having tried the escapement. 

When the lever notch is completed, its depth will give the 
position of the point of the dart or the safety-pin, and it only re- 
mains to finish the lever, reducing it with a file with very great care. 
No more metal should be left than is necessary either for solidity 
or for maintaining it in equipoise when balanced on its staff. 

By placing the pallets on calliper 1, with a pin passing 
through the two centres, and causing the lever to traverse its 
angle of 10°, :he workman can ascertain that the metal on either 
side of the slots for the pallets does not approach so near to the- 
wheel as to draw oil from its teeth. 

When the lever is ready for hardening, the distance between 
its centre of movement and the extremity of the dai't is measured 
by a compass, and, with the centre d in calliper 2 (fig. 6), a mark 
is made at this distance on the line b u. 

The circle described with the centre y and passing- 
through the point of intersection u fixes the size of the roller. 

29 
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. This roller (which should always possess a small central 
steadying collar formed by diminishing the thickness towards 
the circumference), after being roughed out to nearly the 
requisite size, is fixed by means of an arbor and clamps against 
calliper 2, and the hole for the ruby-pin is drilled. 

A brass pin is now cemented in provisionally, and temporary 
brass pallets are also fixed in position ; those should be slightly 
longer than necessary. 

When thus far completed the pallets are placed on the 
calliper, an arbor passing through the two centre holes, where 
it is held by friction ; the line x y, corresponding to the middle 
of the lever, is brought over the line b y, and, when the pallets 
have been fixed in this position, the circumference of the escape- 
wheel is traced with the fine point of a compass on the brass 
pallets, using a as a centre. 

Turning the pallets on their centre, bring the line x y over 
h i of the calliper, and mark the circumference of the wheel on 
the disengaging pallet. 

Now bring them backwards until xy coincides with hj and 
mark the circumference on the engaging pallet. 

The interval between the two marks on each pallet gives 
the height of the inclined planes ; they are formed by hand, 
taking care to leave a slight excess of metal, which will be sub- 
sequently removed as required after verifying the escapement. 

To accomplish this verification, adjust an arbor firmly in 
the hole a of calliper 1. This arbor will serve as an axis for 
the wheel and, in the same manner, a second arbor, passing 
through the hole b, can act as an axis for the pallets ; and the 
two mobiles, when thus held against the surface of the calliper, 
can be guided by the fingers, tweezers or pegwood, and caused 
to act just as they will ultimately do in the watch itself. 

As an additional security it is well to make a second verifi- 
cation on the depthing tool. We shall subsequently indicate 
the mode of effecting this (778). 

Knowing the angular movement of the lever during the 
passage of a tooth in contact with the inclined faces of the 
pallets, remove the wheel and place the roller in position on 
calliper 1 ; that is to say, centre it on an arbor traversing the 
hole g. Now cause the fork and roller to act together, in order 
to make sure that the pin only comes in contact with the sides of 
the lever notch, and that it passes the horns with suflScient freedom. 
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' In testinj^ this point it must be remembered that, at the 
commencement of the lift, it is the ruby-pin that leads, whereas 
the lever impels tlio roller, etc., during the latter portion. 

The pin should be made somewhat long in order that the 
■eye can observe its action with ease. 

When tlic roller is rotated on the arbor that serves as an 
axis, the lever being held at the extremity of its path (of 10®), 
this roller should just touch the guard-pin. It must be turned 
down to a convenient size and the passing hollow roughed out ; 
a further verification must then be made on the depthing tool. 

Wo liave just observed that when the lever has arrived at 
the extremity of its path the roller should merely touch the guard- 
pin ; but as a matter of fact the locking point of the lever, that 
is the banking, is set just beyond an angular movement of 10®, 
so as to allow' a slight freedom between the extreme points of the 
inclines and the circumference of the wheel. The distance that 
the guard-jiin will thus travel beyond the point limiting the 5® 
of the half-lift will nearly alw'ays give sufficient freedom between 
it and the roller. 

The explanations above given render it easy to determine 
the position of the bankings or the width of the hollow containing 
the lever (when such a form is adopted). 

After A'erifying on the depthing tool, the roller is hardened 
and finished with some care; for the passing hollow may cause 
it to lose its shape, especially during the operations of smootliing 
and polishing. 

The edge of the roller should be rounded and very highly 
polished, as, by this means, the friction that occurs when the 
guard-pin comes in contact with it will be materially reduced. 

In hardening the lever and pallets, the precautions that are 
essential with every delicate piece, a cylinder escape-wheel for 
example, must be observed ; for it is very important that the 
metal should nou be distorted during the operation, since in that 
case the opening of the pallets would be modified. This would 
involve the use of ruby pallets of a length slightly differing from 
that indicated by the calliper, and, the escapement not being in 
strict accord wdth the drawing, the position of the planting points 
would be altered (698). 

The pallets are tempered to a blue, and the edges of the 
lever notch and sides of the dart, etc., are polished with care : 
.after the workman has fixed the brass pallets in position, he again 
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verifies the escapement in the depthing tool, in order to make- 
sure that no part has been distorted in the hardening. 

Precautions to be obserred, etc. 

— When making either the calliper or the pivoted disc 
or the pallets themselves, it is always essential to make the 
several holes with the drilling tool after they have been first 
pointed with as much care as is taken in pitching a wheel, and 
this is especially necessary when the hole is to be made at the 
intersection of two lines. 

When one piece is superposed above another in order to 
drill corresponding holes, the drill used for pointing should be 
cylindrical except at the actual blade, and it should enter the 
hole that is already drilled freely but without play. The hole 
should then be continued to some depth with a fine drill. 

The arbors that traverse the holes in the calliper must be 
perfectly round and firmly held by friction. Providing the 
thickness of the calliper is sufficient, there will never be any 
danger of deranging the centres, however many times these 
arbors are removed and replaced. 

It is almost useless to add that the wheel, pallets and roller 
should go easily, but without play, on to the arbors passing 
through the calliper that serve as temporary axes. 

When tracing the several lines, the workman should only 
drill the holes that are required as centres in the wheel-cutting 
engine ; all other holes, indicating the direction of lines, should 
be merely pointed. They will bo drilled after the lines 
that pass through their centres have been drawn, because a point 
is always a more certain guide than a hole, except of course 
when this latter is very fine. 

We have indicated no method for drawing the lines and 
angles except that in which the wheel-cutting engine is em- 
ployed: it is the only one that secures a high degree of accuracy. 
In the absence of any better means it would be possible to use- 
steel templates previously prepared, with their edges inclined at 
the required angles; but such a practice is uncertain and the em- 
ployment of the grammaire or divided plate is to be preferred. 

This appliance is described in article 507 and illustrated 
at fig. 1, plate V. ; it might be used for making the templates- 
here referred to. 

In conclusion, the making of a pair of pallets does not 
present any serious difficulty, but it involves absolute accuracy 
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in the several measurements and very hemest workmanship. The 
workman who does not thoroughly understand the escapement, 
•or who is not practised in delicate processes involving such 
strict accuracy, will experience some difficulty, even after making 
a good many trials ; and even the clever and intelligent watch- 
maker, who has never made a lever escapement, must not count 
•on being successful at first ; success, for which he will not have 
long to wait, must nevertheless in all cases be the outcome of a 
•certain number of trials. 

OBSEBTATIOK. 

704 . — The pallets we have been considering are said to 
have equal impulses. 

If it be desired to set the locking points tangential, the two 
lines a d and a c, fig. 6, plate VIII., instead of passing through 
the centres of the holes d and c, must only touch their sides, so 
that one hole is placed within a d and the other beyond a c. 

This one observation should be enough to enable any 
reader to draw the calliper of either class of escapement. 

To make a Btraigbt«line lever. 

765 . — The calliper will be traced out precisely in the 
manner already explained ; for it can only differ in the position 
of the centre ff (fig. 5, plate VIII.) ; and this change will be just 
as though the entire system h ij I were pivoted on the point b, 
and the lines b g and a h made continuous. 

Additional details would be quite superfluous after those 
above given and the general explanations in the article on 
•designing the lever escapement. 

To make a lever with covered pallets. 

766 . — A pair of covered pallets is made in the same manner, 
and the same tools are employed. The breadth and inclination 
of the pallet-arms are marked out on the steel, and they are 
then cut on the pivoted disc ; but for this operation two cutters 
are required. These are firmly fixed on an arbor, with a collet 
between them whose diameter is less than that of the cutters, 
and its thickness is equal to that of the pallet-arms. The arms 
will thus pass in between the cutters, the metal being removed 
•on either side (fig. 13, plate VIII.). 

Or a single cutter, forming only one side of the pallet at a 
"time, might be emidoyed. 

The pair of pallets is now firmly fixed with shellac on its 
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back edge, and the arms are slit by means of a cutter set in the 
plane of the pallets, to adapt them for receiving the rubies. 

In the absence of a special tool any watchmaker will bo 
able to arrange one for this last operation. 

Lever and index-piece in one. 

707 . — Double roller escapements are provided with an 
index-piece fixed to the lever by a screw and steady-pin, as 
shown in fig. 1, plate VIII. 

Such an arrangement is delicate, and therefore increases 
the price of the escapement ; this fact has led to attempts being 
made to make the lever and index-piece in one. 

Wo will briefly indicate the successive operations that thia 
condition involves : 

After roughing out the lever, taking care to leave its fork 
end sufficiently massive, the inner faces of the horns are formed by 
means of a double cutter as shown at h (fig. 7, plate VII. ), which 
leaves untouched a tongue that projects between tlie two horns. 

The lever is next turned on one side and held against a 
cutter, c, which removes the metal from between tlic horns and 
index-piece (fig. 8). 

In the succeeding operation a cylindrical cutter, «?,. 
removes the superfluous metal from either side of the index- 
piece, thus leaving only a narrow straight tongue of metal below 
the horns, which must be formed of the required shape (fig. 8). 

The only point that presents any difficulty is the forma- 
tion of the lever notch or the rectangular opening in the 
fork, for it is essential to first remove the strij) tliat projects 
between the two horns (i, fig. 7), and subsequently to cut the 
notch ; and this, too, without damaging the index-piece. 

The operation can be performed with the aid of a small 
mushroom-headed chamfering cutter, whose diameter is equal 
to the width of the lever notch. 

The work may bo simplified by first drilling a hole, where 
the notch will ultimately be, that is of exactly the required 
diameter but must not reach the index-piece. As the width of this 
hole will be somewhat greater than that of the projecting strip, 
this latter will fall away, and the diameter of the semi-circular 
space that is left will fix the position and the width of the small 
mushroom-headed chamfering cutter used for forming the notch. 

It could also be accomplished by employing a cylindrical 
cutter similar to that used for cutting the U -spaces of cylinder 
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escape-wheels. If held in a vertical position, a backward and 
forward movement should be communicated to it; if horizontal, 
it should be moved from above downwards. 

TOS. — ^Levers have also been made on which a small stud, 
of the same piece of metal, was left. The index-piece was 
screwed in this or held by friction. 

A specimen of this form is represented in fig 9, plate VII. 

The metal between the horns can then be removed in the 
ordinary way, that is with a simple cutter as shown at «, fig 7 
of this plate. 

Pivots and Pivot-Iioles. 

769t — All the pivots of the escapement should have jewelled 
pivot-holes. The English as a rule do not employ them for the 
pivots of the pallet-staff, and even those of the pivoted detents 
of pocket chronometers arc usually without them. These two 
mobiles can without detriment be made to work in brass pivot- 
holes, since experience has shown that oil will remain fluid on 
the pivots for a longer period when the movement takes place 
alternately in opposite directions ; but in French watches, where 
the motive force is considerably less than in those made in 
England, it is essential that the holes be jewelled, for this is 
recognized as being one of the means that should be adopted for 
reducing the resistance opposed by the inertia of the pallets, the 
friction and the oil, to any rapid movement. 

For a similar reason endstones should be applied to all the 
pivot-holes. 

All the jewels employed in the escapement should be 
Oriental rubies or sapphires. We have elsewhere explained the 
reason for this. 

770, — Tlie best form for the pivots is shown in fig. 2, plate 
VIII. As we have previously explained, this allows of their 
being made somewhat finer than other forms, while at the same 
time securing a greater degree of solidity. 

It is essential, in order that accurate timekeeping may be 
ensured, that the pivots be truly cylindrical ; the watchmaker 
will do well to remember this fact and to avoid the use of pivot 
files ; turning them with the graver until so fine that they can be 
finished with two burnishers, one rough and one smooth. 

771. — The play of the balance-pivots in their holes should 
be a mean between that recommended for the cylinder escape- 
ment (416) and for the duplex (665). The play of the duplex 
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pivots would not suffice for the balance of a lever watch, and 
that allowed for the cylinder pivots would be too much. \V hen 
the holes are too large the timing will be unsatisfactory, since 
the action of the fork or of the pallets will be variable or will 
give rise to loss of time in each change of position ; but when 
too close fitting, the escapement will be very sensitive to the 
thickening of oil. On the whole, less inconvenience is experienced 
when the holes are slightly large than when small, providing 
the several actions are certain. 

See articles 415 to 417 and 555. 

Practical details on the Balnnce>Sprins. 

773. — With a detached escapement, in which the vibrations 
are of considerable extent, the balance-spring should be long, 
and the workman will do well to employ one that is isochronous 
or approximately so. 

Isochronism does not depend upon the number of coils but 
on the length and the general character of the metallic band. 

In a chronometer, where the diameter of the cylindrical 
balance-spring is about a third that of the balance, isochronism is 
usually found to exist at about the eighth coil, whereas in the ordi- 
nary watches of commerce it is met with at about the twelfth coil. 

It must be clearly understood that this does not imply that 
every cylindrical spring of 8 turns or flat spring of 12 turns is 
isochronal ; and it is of importance here to remind the reader 
of the observations previously made (653) as to the influence 
the adoption of any one length of spring in preference to any 
other has, in the course of time, on the going of the escapement. 

773. — As the cylindrical spring cannot be employed in 
ordinary watches, a curved balance-spring, known as the Breguet 
spring, is generally preferred. This form allows of its being 
made of considerable length and the coils sufficiently far apart 
to avoid all risk of contact between any two succeeding ones, or 
even of several of them when the arc of vibration is of unusual ex- 
tent. It, moreover, secures very great regularity in the movement 
of the coils, which open and close in symmetry without moving 
towards one side, as is always the case with common springs. 

The diameter of the balance-spring collet should be rather 
small. 

The spring must not be strained or distorted at any point 
of its length, especially where the attachments are made to the 
stud and collet. Further details relating to this subject, which 
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axe applicable to all detached escapements, will be given in a 
collected form in the article on the Isochronal Spring, and the 
reader will do well to select those passages in the discussions of 
the balance-springs of the cylinder and duplex escapements 
that are applicable to the present case. 

Practical details on the Balance. 

774*' — We could only repeat here portions of the articles 
422, 558, etc. ; we therefore must refer to them. 

The lever escapement has given satisfactory results when 
an ordinary balance of suitable dimensions was employed j but 
its regularity is greatly improved by the application of a 
compensation balance. 

<75. — The balance of the lever is usually a little heavier 
than that of a cylinder escapement ; for the unlocking requires 
a considerable effort and this can only be efficiently applied by 
a rather heavy balance (423 and 440). 

<<0. — The average diameter is twice that of the escape- 
wheel, but in the best watches, where the motive force is 
abundant and the escape-wheel rather less than in ordinary 
watches, the mean diameter of the balance may be two and a 
half times that of the wheel (559). 

7<7, — The escapement in a gentleman’s watch of the 
ordinary size usually has 18,000 vibrations per hour (424). 

In English watches, which, as a rule, only beat 16,200 
vibrations, the diameter of the balance is generally about two 
and a half times that of the wheel. 

These data, as w'ell as those given in the last article, are 
only mean values obtained entirely by empirical methods, and 
they must be made more complete and accurate by the 
considerations contained in the chapters relating to the 
Balance-Spring, the Balance and Timing (Part III.). 

Under the second of these heads w'ill be found all the 
■details that are required in order to enable the workman to 
make a compensation balance. We will, therefore, only observe, 
in anticipation, that this addition demands most perfect work- 
manship, and the bi-metallic rim must not be cut until the whole 
is completed. With a badly made compensation balance the 
timing will be uncertain, and its variations are even greater 
than those met with wdth a well-made ordinary balance. 

Teriilcatlou oftlie Bscapement la tbe Depthing Tool. 

778. — Place the wheel and pallets between the centres of 
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the depthing-tool, the pallet-staff carrymg a pointer* for indicat- 
ing its motion on a small graduated disc held by friction on one 
of the centres, as shown at fig. 30, page 230 ; the two ^ms of 
the tool are then gently brought together until, on turning the 
wheel, the pallets are caused to traverse a total lifting arc of 10 . 

The central line on the graduated sector should accurately 
bisect this angle. 

Guiding the wheel and pallets with two fingers, it will be 
observed that this total lift of 10" divides itself into two unequal 
and distinct portions. The first comprises the jx'riod during 
which the point of the tooth traverses the locking face, termi- 
nating when it readies the delivery edge of the impulse plane ; 
the spcond is occupied by the jiassage of the tooth in contact 
with this edge. But since these two actions succeed one another, 
and, so to speak, together complete the angle through which the 
lever is moved, it is manifest that any increase of one involves a 
decrease of the other; thus, if the locking occupies 3", the half-lift is 
7®, and must, therefore, commence 2" before the line of centres, a 
fact which will be indicated by the index as it traverses the sector. 

If the locking measure 2®, the half-lift will commence 3“ in 
advance of this line, and so on. 

When the half-lift commences too near the line of centres, 
this arises from the fact that the inclines of either the pallets or 
teeth are too low. On the other hand, if it commence far from 
that line, the inclines on one or the other must be too high. 

In the first case the extent of locking will be excessive, 
while it will be deficient in tlie second. 

The draw of both pallets must be verified. The movement 
of the index over the sector will indicate whether they are suffi- 
ciently near equality. The direction of pressure of the tooth 
should be below the pallet-centre for the engaging pallet and 
above for the disengaging pallet (690). 

When much resistance is offered during the draw, the 
locking should only measure 1‘5" or 2“; when the opposing 
force is slight, the locking should extend to 3“ or 4°. It must 
be left to the experience and skill of the maker to decide upon the 
exact amount of this locking, which should in all cases be made 
thoroughly safe, but, at the same time, as small as practicable. 


* The index formed of thin brass wire, softened so that it may be bent as required, 
is carried by a small screw ferrule fitting the pallet-stajQT (or the arbor), and motion 
is imparted to the escapement by a gentle pressure on this ferrule. 
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\Vlicn the heiglit of the impulse planes of the pallets is 
determined, the amount of locking may bo reduced as required, 
by making the extremities of the teeth more and more inclined. 

Wo know that the impulse faces of the pallets are usually 
inclined to such an extent as to secure an angular movement of 
the lever of 5”. This can easily be verified with pointed teeth, 
and, although aj)parcr.tly more complicated, it is in reality just 
as easy to do so Avhen they are clubbed. The point i of the 
tooth (fig. 49, page 427) is caused to traverse the entire length 
of the impulse plane, but must not be allowed to pass beyond it, 
that is to say the corner i is arrested at s, as indicated in the 
figure. The pallet has by this means been impelled through the 
interval comprised between the two arcs d, or the height of 
the impulse plane, and the position of the pointer indicates the 
measure of this height in degrees. Were the tooth to continue 
its advmnco, it would impel the pallet through a total height 
measured by that of its own incline plus that of the tooth itself. 

If the internal and external drops are found to bo too short 
it is due to the fact that the teeth or pallets are too broad. On 
the other hand, drops that are excessive but equal inside and out 
indicate that the pallets or teeth are too narrow. 

Cunsidcrablo drop externally and none at all within prove 
the pallets to be too much closed or else that they have been left 
too long; excessive drop within and a deficiency without show that 
the opening of the pallets is too great, or that they are too short. 

These faults may also arise from one of the pallets not 
being correctly proportioned. 

After making all the requisite corrections and completing 
the verification, describe on the plate of the watch, from the 
centre of the escape-wheel, the cii’cular arc on which the pallet- 
staff will bo subsequently pitched. 

The wheel is now removed from the depthing tool and 
replaced by the balance-staff. This latter carries its roller and 
an index, for observing the total lift on a second graduated 
sector (fig. 30, page 230), held by friction on one of the centres 
that caiTy the balance-staff. 

Bring the ruby-pin into action in the lever notch and turn 
the two sectors until each index travels to the same distance on 
either side of its central line during the backwai-d and tho 
forward movement of tho ruby-pin. 

While guiding this latter, move the lever until the pallet- 
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staff index has travelled just beyond the 5“ measured from the 
central line, and, holding the lever stationary in this position, 
make sure that the ruby-pin can enter and escape from the lever 
notch without coming in contact with the horns, and that, on 
^entering, it engages safely against the side of this notch. 

The interval of safety allowed between the ruby-pin and the 
horn should be slightly greater than that left between the roller 
4ind guard-pin. 

There must be a sufficient freedom left between this guard- 
pin and the passing hollow. 

The ruby-pin being brought within the notch, move the 
lever backwards to the same distance on the opposite side of 
the central line, and again verify the freedom as above explained. 

Should the total lift (between 45“ and 55®, !I'01)bc insufficient, 
it arises from the ruby-pin being placed too far from the centre 
of the balance-staff ; the lever will thus be relatively too short. 

When, on the other hand, this total lift is excessive, the 
ruby -pin will be found to be too near to the centre of rotation, 
.80 that the fork-arm is too long in proportion (718). 

The several points must be corrected in accordance with 
the special requirements of the escapement under considera- 
tion. When it has been verified in each particular, describe 
an arc of a circle, with the points of the depthing-tool, on the 
plate of the watch, from the centre of the balance ; this arc will 
intersect the circle already drawn from the planting point of the 
escape-wheel, and the point of intersection gives the centre for 
pitching the pallet-staff. 

Ordinary Yerifleation of the ISscapement when In Position. 

779. — If the plate of the watch is not gilt nor the holes 
jewelled, the escapement can be verified in position, as done on 
the calliper (763). 

The reference marks, termed lifting points^ having been 
made in convenient positions, the mainspring wound up and 
the balance checked by a piece of paper, the balance is set in 
motion, and the total lift, the height of the inclines, length of the 
locking faces, the draws and the drops are severally tested. 
•Some practice in verifying on the depthing tool will make the 
workman able to judge with considerable accuracy by the eye 
.alone, and to estimate these several proportions at once. 

Arresting the balance in the middle of its path, make 
certain that the ruby-pin has enough freedom in the notch. 
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Cause the balance to perform a complete rotation on either 
side of the neutral position and sliake the lever between its 
banking and the roller, in order to be sure that the interval of 
safety is sufficient and that the lever cannot overbank. 
Throughout this operation, except when within the passing 
hollow, the guard-pin should touch the roller when pressed 
towards it ; were it to fall short in the least, this would show 
that the ruby-pin rubs against the horns. 

When the shake is of too great extent, owing to the roller 
being too small or the banking too far out, there is some danger, 
in the latter case, lest the ruby-pin should strike the base of the 
horn or the horn itself ; and, in the first case, when the guard- 
pin is pressed against the roller, one observes the tooth to leave 
its locking position and fall on to the edge of the impulse face, 
or even to advance a little along this incline. This fault is 
very serious and renders a change of the table-roller essential. 
(We have seen that such a fault may also arise from the inclines 
being too high or from lockings of insufficient length.) 

Ascertain that the locking with each individual tooth is 
safe, and that, when a pallet arm passes into a space, a slight 
amount of freedom is left between it and the heel of the pre- 
ceding tooth. 

Holding the lever alternately against one or the other 
banking, move the tooth that has j\ist escaped backwards, so as 
to make sure that there is sufficient freedom between the ex- 
tremity of the pallet arm and the heel of that tooth. 

It is always advisable in a lever watch to cut a hole below 
the escapement in such a position that the eye can observe the 
action of the ruby-pin ; for there is some difficulty experienced 
in making certain that the ruby -pin strikes directly against the 
side of the lever notch and docs not come in contact with the 
horns. The shaking of the lever suffices to prove whether they 
come in contact when the lever is against its banking, but it is 
impossible to ascertain by such a method whether they do so 
when the guard-pin touches the roller, in other words when a 
shake has brought the lever away from its banking. It will be 
evident that this friction at two points is very detrimental. 

By observing with a powerful eyeglass through the pass- 
ing hollow, while guiding the balance with the finger, it is 
nearly always an easy matter to ascertain whether the ruby-pin 
engages well (on its entrance) with the side of the lever notch j 
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but it is not so simple to assure oneself that it does not come in 
contact with the horns. Polishing rouge, applied in a thin layer, 
which must not be too liquid, first to the side of the ruby-pin 
and then to its face, will suffice in the absence of any other 
means for detecting such a fault; but very great care and 
delicacy are required to avoid being deceived. 

This final verification can be easily accomplished with the 
aid of a very simple little appliance which any watchmaker can 
make for himself in accordance with the following description. 

Euby-pin Gauge. 

780. — This consists of a round steel rod {a 6, fig. 1, plate 
IX.) fixed in a handle and terminating in a pivot in which a 
shallow conical hole (a) is drilled ; on this rod a tube c, having a 
projecting piece at its lower extremity, is held by friction, being 
movable by the pressure of the nail. The projecting piece 
gives support to a small bent bar d, and this can be caused to 
move in and out radially by a screw passing into the projection. 
The motion is constrained to take place radially by the pin n and 
the slide i having two arms which pass on either side of the tube. 

The lower horizontal arm of d receives a pin that can be 
changed as required, being clamped by means of a screw. 

The reader has doubtless already observed the use of this 
appliance. 

After having secured in s a ruby-pin of similar dimensions 
to that of the escapement under examination, the maker places 
the lower pivot of the balance in the hollow a, and, when the 
two pivots are thus held end to end, it is an easy matter to set 
the pin of the tool by means of the screw, so that it exactly 
corresponds with that of the roller. 

The remainder of the operation will be understood from an 
inspection of the figure : the pivot a being held in the oilcup of 
the balance jewel, and the rod ab held perpendicular to the plate 
of the watch, the lever is caused to move by turning this rod just 
as though it carried the ruby-pin. 

The rod a 6 must not be too short : for if it were so it would 
be very difficult to ensure the perpendicularity of the tool, which 
must be light and accurately made. 

Planting the Bseapement. 

781. — The only difficulty connected with the planting of 
the escapement consists in the exact determination of the positions 
of the shoulders or the extremities of the pivots. This can be 
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effected satisfactorily by complying with the directions contained 
in articles 473, 474, etc. 

Timing In Position. 

782. — For ordinary watches the methods explained in 
article 431 will suffice ; and for rapid timing see 432 and the 
succeeding articles. 

For the regulating of the best class of watches see the 
chapter devoted to the subject of springing and timing in the 
Third Portion of this work. 


CHAPTER IV. 

CAVSBS OF STOPPAGE A]V» VARIATION I.V TUB K.EV£R 

ESOAPEMEIVT. 


To Examine the Escapement. 

783. — Very great care is essential in the examination of a 
lever escapement, and the watchmaker should always proceed 
on some definite method, for, in addition to the difficulty of 
detecting certain faults, very different circumstances may give 
rise to identical results. For example: 

A tooth falls on to the impulse face of the pallet instead of 
on the locking face, a circumstance •which may arise from (1) 
the wheel having some long and some short teeth ; (2) one or 
oven both pallet-arms too short ; (3) excessive inclination of the 
impulse planes ; (4) distance between centres too great ; (5) the 
combination of two or more of these causes. 

In the first instance the action of the escapement in all 
positions should be studied by the ear. The sound at the lift 
■will not be one sharp blow, for it comprises two nearly instan- 
taneous impacts. Notwithstanding this it is easy with a little 
care and practice to ascertain whether the action is satisfactory ; 
any grating proves the existence of some fault, either in the 
escapement or the balance-spring, always of coiu’se assuming 
that the mechanism has not reached such a state as to require 
cleaning; for an escapement that is dirty or in wliich the oil 
has thickened never gives out a clear sound. 

In a word, the watchmaker must never interfere with any 
part until he has satisfied himself as to what is at fault ; for 
•otherwise he is liable to mutilate the escapement and thus to be 
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obliged to alter it throughout, a contingency that can only be 
honestly avoided by a workman that is absolutely certain of 
what he is about. 

Setting. 

784. — A setting arises from one of the following causes : 

(1) Motive force insufficient; a fault which is due either 
to defective depths or to a weak mainspring. 

As we have already observed, without a sufficient motive 
force the lever escapement can never secure good results. 

(2) Acting surfaces of tlie pallets and tectli badly polished. 
This circumstance materially diminishes the extent of the arc of 
vibration. 

(3) Excessive draw, whether on one or both pallets. 

(4) Total lift of too great extent. As the action of the 
fork takes place at a continually increasing inclination to the 
direction of the ruby-pin, the force applied to the lever is more 
and more decomposed ; and, as the lift becomes greater, the 
effective impulse on the ruby-pin diminishes, while its resistance 
is increased. With even 00“ of lift, the resistance opposed is 
already considerable towards the conclusion. 

(5) Inclines (whether on the pallets or teeth) of insufficient 
height. The tooth will butt against the locking face instead of 
engaging with the impulse face of the pallet. 

Such a setting may occur only on one pallet and be due ta 
the balance-spring being wrongly pinned in the stud. 

(6) A badly polished lever notch, causing the action of the 
ruby-pin to be accompanied by very harsh friction. 

(7) Lever notch too narrow, so that the ruby -pin is con- 
strained in its action, a fault which may also arise from this pin 
being too large or set out of square. 

(8) The entire escapement, the wheel, pallets, lever, roller 
and especially the balance being too heavily constructed ; such 
a fault is unfortunately very commonly met with in the 
productions of several Swiss factories. 

We have omitted from the above enumeration all such 
causes of setting as are due to the absence of oil where it is es- 
sential, its thickening, or the presence of oil in too great quantity. 

Roller too large.— too small,— out of truth,- badly polished. 

785. — ^When the roller is too large there will not be- 
sufficient freedom between its edge and the safety-pin. 
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If it be too small, the lever will overbank and pass to tlic 
other side whenever it is caused to leave its banking by a shako; 
or, if the roller will not allow the lever to actually overbank, 
the contact of the safety-pin with the edge of the roller will take 
place so near to the line of centres that the friction produced 
uill be very harsh, and may at times be sufficient to occasion 
the stoppage of the watch. 

With a roller tliat is out of truth, the faults that characterizo 
a large roller may he met with in certain points of its circum 
fcrencc, while at other points it has those of a small roller. 

If the edge is left square or badly polished, occasional 
contacts will take place, and the friction that occurs will at 
times he sufficiently harsh to stop the watch. 

Oil on the edge of the roller and therefore on the guard- 
pin will disarrange the timing. 

Ouard-pia or dart too Ions.— too short,— or out of upright. 

78(». — It often happens that the fault does not consist in the 
rollc'r being too large or too small but in the dart being too long 
or too .short ; this corresponds in English watches to the guard- 
pin being sot too far out or not sufficiently so. 

When the dart is too long it must bo shortened with care so 
us to maintain its angle accuratel}' in the centre of the lever 
notch; forotlierwi.se, when the lever is held against its bankings, 
the dart wdll be nearer to the roller on one side than on the other. 

The angle and two faces of the dart must bo highly 
polished and kept free from oil. 

If a dart of such a form a.s f, fig. 2, plate Vll., is too short 
and the roller cannot be remade, the point of the dart must be 
filed away and a fine firm pin fixed in its place near enough to 
the roller to allow no more than the requisite freedom. 

Some watch- jobbers, after having softened the lever, make 
a cut by means of a screw-head file across the base of the dart 
so as to separate its apex from the lower portion through about 
three-quarters c f the total thickness ; then, by striking a screw- 
driver placed in the slit, they gently advance the smnmit of the 
dart. Such a practice cannot be recommended. 

The dart must not be wide at its base ; it shoidd only touch 
the edge of the roller by its extreme point. 

When of the form shown at r, fig. 2, plate VIII., it may be 
lengthened by being struck with a small punch shaped like a 
hammer-head. 


30 
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l<ever notch too narrow,— too wide, 

787 . — In article 784 — (7) the disadvantages of a narrow 
notch are indicated. 

The period during which the fork, in transmitting the 
impulse, acts on the ruby-pin, becomes less as the difTcronce 
beWeen the size of the lever notch and that of the ruby-pin is 
increased ; and the energy of the impact varies directly with 
the amount of play allowed to the pin in the notch. 

A lever notch that is too wide sometimes also causes tlie 
corner of the passing hollow to press against the dart or guard- 
pin, a fault which must be avoided at all costs. 

Too short an engagement of the fork and riiby«pin. 

788 . — This occurs when the impulse faces of tlie pallets 
are not of sufficient height, or when the ruby-jjin has too much 
play in the lever notch : at times it results tliat the roller jjrcsses 
against the guard-pin towards the termination of the impulse ; 
this has a very detrimental effect and renders timing impossible. 

It is important to remember that the ruby-pin during the 
entire impulse, that is to say until the lever rests against the 
banking, should be pressed upon by the same side of the notch 
without interruption, and that it must not come in contact with 
the horn or the opposite side either during the impulse itself or 
■on escaping from the notch. 

Inclines that are too high,— or too low. 

789 . — ^When the inclines, whether on the pallets or teeth of 
the wheel, are too high, the lockings will be very slight. With 
inclines that are too low, the amount of locking is excessive and 
the impulse will bo considerably diminished. (The real half- 
lift should never fall short of 5® or exceed 8“ of angular 
movement of the lever.) 

Total liift too great,— or too small. 

790 . — The disadvantages of an excessive total lift have 
already been indicated (784 — 4). 

A deficient total lift is occasioned by the distance between 
the centres being too great, the inclination of the impulse faces 
insufficient, or by the ruby-pin being set at too great a distance 
from its centre of rotation ; it is just the reverse of a too great 
lift. If the angular movement of the lover is not deficient, the 
position of the ruby-pin must be altered, that is to say it must 
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be brought nearer to the centre of the balance-staff, and the 
balance itself re-pitched in a convenient position ( 716 ; etc.). 

Too strong or too weak draw; 

791 .— An excessive draw, especially if there is a long act- 
ing lo(;king face, renders necessary a very heavy balance and 
a considerable motive force. 

With weak draw and a short locking face, the lever is 
easily brouglit away from the banking, more especially when 
the Avearcr rides on liorscback. 

As we have already seen, if the draw is strong, the amount 
of locking may be reduced (to 1’5“ or 2'); with a slight draw, 
the locking must be increased (to 3“ or 4“) ; but it must be 
remembered that as tlie extent of locking is increased the 
l e.sistance to unlocking becomes greater. 

A too deep pitcliing of tlie teeth and locking faces and too 
strong draw always give rise to irregularity in the going of the 
<'Scapomcnt. 

Excessive drops. 

702 . — The precise extent of the drop varies with the recoil 
and the length of tlie locking faces ; it is, then, only by reducing 
these to witliin the narrowest possible limits that we can make 
the extent of the dro])s a minimum. 

I’aUcts that arc too much open or closed and ])allct-stones 
or teeth too narrow, increase the drop, and, adding to tiio 
amount that is unavoidable on account of the draw, give rise to 
tlie very great drops that are to bo observed in many 
escapements. 

When tlie drop on to the engaging pallet is excessive and 
aero on the disengaging pallet, it proves that tlie pallets are loo 
much closed; in the converse case the pallets are too open, etc., 

( 778 ). 

If the dr ops are excessive but of equal extent on the two 
pallets, it is evidence that the clubbed teeth of the wheel or the 
pallets are too narrow. 

Excessive drop on only one side sometimes indicates that 
s)ne of the pallet arms is too short or too naiTow. 

Unequal drops can only exist when a wheel is not perfectly 
round, or when its division has been cai’elcssly eftected. 

Inequality in the extent of the lockings on either pallet arm 
has the same origin. 
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Too little Ijockln^,— or IVone at all . 

793,_If the tooth falls on the entrance edge of the inclino- 
or on the incline itself, the watch, although it may not stop, 
cannot be timed and the wear is rapid. 

The escapement must be examined in order to ascertain 
whether it will be most advantageous to re-pitch the pallets or 
replace the pallet-stones by others vdtli inclines of a different 
height, or merely to loosen the stones and advance them slightly ; 
but the maker must first carefully note how the proposed change 
will modify the extent of angular inovement of the lever. 

If the stones are moved a little forward, their form can 
be altered as required, the inclination may be increased or 
diminished, and the faces subsequently re-polished with diamond 
powder. 

Inner faces of the horns badly formed. 

79-1* — Escapements are sometimes met with in which tlu^ 
inner curv^e of the horn has been struck from the centre of the 
balance. Such a form, adopted by the makers so as to enable 
them to polish both faces by means of a disc at one operation, is 
very objectionable. It leaves a pi’ominent corner at v (fig. d, 
plate VIII.) which may be touched by the ruby-pin and the fault 
may not be easy of detection. Contact between this angle and 
the front of the ruby -pin might suddenly stop the watch. 

The curve of the horns should, as we have already observed, 
be such that, when the fork is in the position indicated b}'fig. >>, 
plate VIII., the edge is very nearly parallel to the circumference 
traced out by the front of the ruby -pin. 

Some makers jwefer it to ]>e exactly parallel and of the 
same radius (it mubt be a trifle greater) ; but it is then necessary 
to round off the extremity of the horn, so as to prevent the 
ruby-pin striking against this point in consequence of any flaw 
in the roller. 

Summary of other causes of .Stoppage and Variation. 

795. — The other causes of stoppage and variatioji in 
addition to those already enumerated either in this chapter or 
the three that precede it are : 

Pallets or lever touciiino the holloav or having so little 
freedom that the oil of the pallet-stones spreads over it. 

Too SHORT pallet-staff: the oil from the pivot simeads 
between the pallets and the bar. 
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Teeth touching the middle of the pallets ; where they 
deposit some of their oil. 

Pallets and lever that are not in equipoise on their axis. 

Teeth badly polished and whose points are rough. 

Ruby-pin too long so that it rubs against the hollow in the 
plate ; or too short, causing it to occasionally engage with its 
point on tlic flat of the liorn in consequence of the bending of 
the lever or cndsliakc of the pivots. 

RiTBY-riN CARELESSLY ciLMENTED and projecting forward so 
as to come in contact witli the horns ; or inclined to one side, 
wlien tlu; fork Avill force tli(! passing hollow more towards one 
side than the other. 

Ruby-pin and palli:t-stones not firhly cemi:nted. 

Roller set oui' of it.at on its stai'f, a lault that is often 
met with when a shoulder has not been left at the centre. 

A BAD compensation BALANCE wliose arms disturb the equl- 
lilu’ium on a change of temperature, or come in contact with any 
])art on opening outwards. 

Several coils of the balance-spring coming in cont.ict 
IN the long arcs. 

The balance-spring not of uniform stp.ength, or one tliat 
has become inelastic or been distorti:d in long vibrations. 

Lever not firmly fixed on the pat.lets. 

Levi’.r hollow too smat.l; the thickening of oil, or a partieio 
of dust interposed between the lever and the side of the hoHow 
against ■which it banks, will suffice to stop the watch or inleriCio 
with its rate. 

It is best to make the lever bank against two jiins. 

I’assing holloav too large or small. In the latter ease the 
roller touelics or grazes past the gnard-pin when the rub}'-piu 
enters the notch ; Avhen too large, it may happen that a shake dis- 
places the lover heforo the ruby-pin has entered the notch ; th(Ho 
Avill then be contact between this pin and the inner face of a hoi u. 

Horns too aveak at their base: they arc liable to bo 
strained by a suddmi bioAv AAdicn the balance banks against them. 

Lever j.ong and flexible Avitli its bankings improperly 
placed. It bends at every banking of moderate energy. This 
fault is of some importance when the banking takes place against 
the axis of the escape-whoel (683). 

Oil passing down the axis of the escape-wheel and causing 
tlic tAVO arms of the lever to adhere (x, x’, fig. 1, plate VIII.). 
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Magnetism, whether acting between the wheel and the steel 
pallet-arms, the two arms of the lever and the escape-wheel 
axis, or the steel fork and a pin of the same metal working 
in the notch. 

GrUARD PIN PENT ill cleaning or by banking. 

Rim of the palance touching the chain in English three- 
quarter plate watches. 

Chain eupping against the toji plate, the hollowing of the 
cap, the potence, and occasionally against the case. 

Balance touchinc; the cup, in full-plate watches, etc., etc. 

The reader should select from the lists of the causes of 
stoppage and variation of the cylinder and duplex escapement , 
etc., those that arc applicable to the lover. 


NOTES 

ON SOME DIFFERENT FORMS OF THE LEVER ESCAPEMENT. 

E<evcr Cseapement of the most simple construction. 

796 .— The exact form of this cscajiement, which was 
proposed by Perron in 1798, Las been described in the Revue 
Chronometrique. 

The impulse planes are on the teeth of the escape-wheel 
(fig. 2, plate IX.); the lever and pallets arc formed out of a 
single piece of brass, from the surface of which two small jnns, 
/5 and project, and these take the jdace of the ordinary pallets. 
The extremity of the lever is hollowed out in the middle and 
terminates in two small horns whose external faces curve 
inward ; so that these convex faces rest against the edge of the 
roller and prevent any motion of the lever except during the 
jieriod of lift. This is effected by means of the ruby-pallet a 
cemented in the roller. 

The teeth of the wheel must be sufficiently cut away at the 
back, and the front faces must be sloped so as to occasion such 
an amount of draw as shall ensure the steadiness of the lever 
against its banking. The pins fine rather than thick ; and half 
of their tliickness maybe removed, thus leaving their horizontal 
section semicircular. If very perfect action is desired their faces 
should act like the cylinder edges in the horizontal escapement. 
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In conclusion, the simplicity of this arrangement is more 
apparent than real, for it requires very great care in its con- 
struction, since otherwise its accuracy cannot be relied on ; 
those who have proposed to replace the pins by small rollers 
(Perron had ali’eady suggested their use in 1798) merely introduce 
complications without any improvement. 

English Eever Escapement. 

797. — In the best class of watches, tlic escapement known 
in Franco and Switzerland as the English Lever mainly differs 
from those rc})rcsentcd in plates VII. and VIII. in having the 
c.scapc-w^hcol teeth pointed. The escapement is usually right- 
angled, and the distance betvrecn the centres of the lever and 
balance generally equals the choi’d contained between the points 
of five teeth, with a lo-toothed w'heel. An empirical rule places 
the ruby-pin at one fourth this distance, so that the lover will 
slightly exceed three fourths. 

Most English watches are made with covered pallets. They 
are separate from the lever, being attached to either surface. Fig. 
4. plate IX. rcpi'cscnts such an arrangement ; and various forms 
may I )0 adopted for the fork and roller action. 

In one a pallet or finger is cut in the roller (a, fig. 3, plate 
IX.) in place of the ordinary ruby -pin; the effect is identical 
with that of the system explained in article 796 and has the 
same objection, namely that it brings the point of contact of the 
guard-pin and roller too near to the line of centres. 

In another form the ruby-pin is replaced by two pins a, n (fig. 
4. plate IX.) ; and a guard-pin, i, fixed in the fork in a position 
corresponding to the point of the dart, answers the same purpose. 

This system facilitates the manufacture of the escapement, 
but there is danger of the pins being strained by a careless 
workman or by a violent banking against the back of the horns. 
If the pins are at all thick the roller must be thick also ; or else 
the pins must be made with shoulders, carefully riveted, filed 
away on their front faces, etc., and this involves quite as much 
labour as the making and fixing of a good triangular ruby-pin, 
if indeed it does not require more. 

One of the most successful modifications of the ordinary 
fork and roller action is that proposed by Savage of London, 
who replaced the ruby-pin by two fine pins, between which is a 
notch in the roller; the impulse is communicated by a pin. 
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carried by the lever, engaging in the notch, and this also serves 
the purpose of a guard-pin. The escapement, however, requires 
very perfect workmanship. 

Lastly, the form shown at b, fig. 3, i)late IX., is 
occasionally met with. 

The extremity of the lever, instead of being formed into a 
notch, is merely a dart working in conjunction with a roller, 
and in the lever two pins are fixed perpendicular to its facts 
which answer the purpose of the sides of the notch in the 
ordinary construction. A pallet, having a fi.sh-tail form and 
with its extremity concentric with the axi.‘«, takes the place of 
the ruby-pin. 

We shall not discuss these varied arrangements any furtlu'r, 
nor others that may be occasionally met with ; the reader should 
now be in a position to take an intelligent view of them. 

Cole’s Eicver Escapements. 

798 . — Struck with the irregularities occa.sioncd in watches 
by the violent banking of the balance against the back of the 
horns, J. F. Cole, of London, has experimented on various 
means for avoiding this effect and gives preference to the two 
following. 



Fig. Cl. 

In the first, known as the resilient escapement (fig. 51, 
B for ratchet and c for clubbed teeth), the usual incline of 
the front face of the teeth (about 27°, b a d, fig. 3, plate 
VII.), instead of being continued to the base of the tooth is 
only made of the depth necessary for locking. The remaining 
portion of the face slopes in the opposite direction and thus 
prevents the movement of the pallet beyond the locking point, 
restoring it at once to this position whenever displaced by 
banking. There is therefore no necessity for banking pins and 
the force exerted is of an elastic nature and in no sense a blow. 
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In his other form of escapement, termed repellent^ the 
locking faces are inclined outwards (a, fig. 51), thus causing a 
tendency of the pallets to unlock ; the train, therefore, will run 
down on the removal of the balance. This tendency to fly out 
keeps the extremity of the lever, which instead of being a fork 
is a thin pointed edge, always in contact with the (jewelled) 
roller, and thus the escapement becomes closely analogous to 
the duplex. A notch in the roller allows of the release of a 
tooth, when the im])ulse is communicated ; it will be observed 
that this fonn also renders banking pins unnecessary. 

Note on pallets with circular locking faces. 

799. — In the concluding paragraph of article 631, it is 
stated til at the steadiness of the pallets can bo maintained 
ccjually well whether the locking faces be curved or straight. 
We should have added that this is only possible, in the case of 
faces concentric with the axis, if the arms are of very unequal 
length. 

TjCvcr watches may occasionally be met with provided with 
circular steel pallets, such as were originally employ ed.^ If well 
made they go fairly satisfactorily so hmg as they remain in one 
place but for the most part become irregular when earned. 

We have always found it possible to correct this fault, pro- 
viding it was the only one, by changingthc direction of pressure 
on the locking face; but then a slight draw was occasioned and 
the wear of the locking faces became rather more rapid. 

Our theory of detached escapements establishes clearly the 
necessity of maintaining the steadiness of the pallets, and ex- 
perience confirms its conclusions. It must bo carefully borne in 
mind that the irrcgidar displacement of the pallets is mainly 
due, not to circular motion round their axis, which indeed occurs 
very seldom, but to the effect of a shako and the reciprocal 

action between moving bodies. 

We shall leave it to the reader to draw his own conclusions 
from the following facts: escapements with circular pallets 
fitted with rubies arc found to vary in their rate so long as the 
oil remains fairly fluid, whereas when the pallets are made of 
steel these irregularities become less. This circumstance must 
be attributed to the fact that the tooth holds more firmly against 
the locking face of the pallet, when the polish has been removed 
from its surface by the continued action of the teeth. 



DETENT OR CHRONOMETER 
ESCAPEMENT. 

ClIAPTEK I. 

Preliminary. 

800. — The detent to wliicli this escapement owes its name 
may be made of two principal forms and these constitute two 
varieties of the escapement. 

In the one the detent, termed by the Swiss makers bascule, 
is mounted on a pivoted axis. The arm of this detent against 
whicli the wheel locks is brought back to its position of rest, 
whenever it has been displaced, by a straight spring fixed to the 
plate, or, more usually, by a flat spiral spring attached to its axis. 

In the second arrangement the detent and spring form one 
piece ; and this spring, which is morel}' a prolongation of the 
detent, terminates at the end farthest from the balance in a small 
block which serves as a means of fixing it to the plate. The 
elasticity of the spring or thin portion of the detent renders it 
possible to unlock the wheel by drawing the locking arm aside, 
and brings this arm back to its position of rest whenever it is so 
drawn aside. 

The first of these is known as the jnvoted deient escapement 
and among Swiss makers as the escapement d bascule. 

The second is termed the spring detent. 

The first detached detent escapement was invented and 
made by Pierre Le lioy (589). 

F. Berthoud first employed the spring detent and he attached 
the small spring, often known at the present day as the gold spring, 
to the roller on the balance-staff. 

The pivoted detent cscajjement has been constructed in 
France chiefly by L. Berthoud and after him by Motel. These 
two makers brought the workmanship to a high state of perfection 
and obtained excellent results. 

J. Arnold adopted the spring detent of Berthoud in a 
modified form, transferring the unlocking spring from the roller 
to the detent itself and altering its shape. 

Eamshaw subsequently proposed a different form of escape- 
wheel from that of Arnold; he made them flat instead of havimr 

O 

teeth projecting above their surface; he also changed the direc- 
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tion of the pressure during locking. These modifications in 
conjunction with certain others, suggested mainly by Breguet, 
have resulted in the spring detent escapement as now constructed. 

The mode of action of the chronometer escapement is 
.simple, but it does not admit of any error in the application of 
its principles nor any inferior workmanship. 

It absolutely requires an isochronal balance-spring and a 
compensation balance. It must be carefully treated by its 
owner and only works satisfactorily in veritable chronometers 
intended for scientific observations; it should never be employed 
in ordinary watches. 

The remarkable regularity, mainly due to it, that is 
obs(ir\'ed in the chronometers cmplo} ed by astronomers, naval 
and .scientific men, and constructed chiefly by English and 
Ercncli makers, has led tlio manufacturers of ordinary watches 
to fancy that they would secure more acem-ate timing by the 
more employment, in their best watches, of more or less accurate 
(topics of detent escapements. Their attempts have always 
turned out to be failures. 

Tlic higher class of watchwork cannot be attempted with 
an}' chance of success except by makers who, besides being 
skilful, possess a sufficient amount of scientific knowledge. 
Without this there can be no progress, and, although we may 
oc(!asionally meet w'ith good imitators, there arc no real artists, 
much less originators. 

A mere trading w'atchuiakcr should never offer a chrono- 
meter or watch for sale as a thoroughly reliable timekeeper 
unless it is by a maker of proved ability, well-known for the 
success of his marine timekeepers or for watches supplied to 
scientific men who arc accurate observers. Let him remember 
that the name, however well it be engraved on the plate of a 
watch, cannot replace workmanship and make its rate reliable 
and that for everyday use the detent escapement, even if 
perfectly made, will never be successful except in the most 
careful hands. 

Denomination of the several parts. 

g 01 , — This escapement consists of : 

( 1 ) A flat wheel with pointed teeth. It is shown at a, fig. 

5, plate IX. ; , i m • 

( 2 ) A locking detent against which the wheel rests, ihia 
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is termed a spring detent (p B c, figs. 5 and 6) when fixed to the 
plate by a small foot, and made thin at c so that it bends about 
that point ; and it is a pivoted detent when supported on an axis, 
as D F and m r in figs. 10 and 11 respectively. The spring 
which restores the pivoted detent to its position of rest is known 
as the recovering spring. 

A small cylindrical rub}*, half of which is cut away at the 
upper end, projects at right angles to the detent at the point B, 
figs. 5 and 6. The tooth of the wheel, when locked, presses 
against the flat face of this hcmi-cylinder ; hence it is termed 
the locking stone or simply locking. 

The light spring m n, figs. 5 and G, also fixed to tlie detent, 
is known as the gold spring., tinlocldng spring, or auxiliarg spring. 
This presses against a pinp projecting from the detent body, so 
that it can be inclined from p towards n ; but it cannot be de- 
flected from n towards jo without the detent moving with it ; 

(3) A balance carrying on its staff a steel disc d in which 
is cemented a ruby impulse pallet J. This disc is known as the 
impulse roller. 

On the same staff and below ■Uie roller a second or dis- 
charging roller E is held by friction and it carries a ruby dis- 
charging or unlocking pallet e. 

The screw f g, whose head determines the resting position «jf 
the detent, is often termed the hanking screio. 

Action of the escapement. 

802 . — If the mainspring be wound up when the balance is 
at rest, with the balance-spring in its neutral position, no move- 
ment of the escapement will ensue; there will merely be a 
pressure exerted against the flat face of the locking stone. 

But if the balance be made to vibrate, by giving a rotatory 
movement to the entire mechanism, say from left to right, the 
discharging pallet c (fig. .5, plate IX.) coming against the 
extremity n of the gold spring m n, forces it aside and continues 
moving beyond it. 

On being brought back by the balance-spring, the pallet e 
again presses against m w, forcing it to move in the opj)ositc 
direction ; but, as this spring is liow opposed by the pin of the 
detent body, the detent is forced aside, bending at the part c, 
and it is thus released from the tooth v. 

At this instant the wheel is free. As the pallet j is now 
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slightly in advance of the tooth r, this tooth engages with it 
and the pallet is driven forward through a certain lifting angle. 

The lift terminates with the tooth s falling against the 
locking stone n of the detent, which is brought back by its owni 
elasticity, before the end of the lift, to the position it occupied 
before the impact of the discharging pallet. 

The balance has thus received the impulse and perfonns the 
supplementary arc. The return vibration is du7nb, since the only 
action that occurs during tliat period is the slight displacement, 
by the discharging pallet, of the gold spring, whicli j'ields so as 
to allow of its passage ; the balance on again returning effects 
the next unlocking, receives a fresh impulse, and so on. 

It will be seen that this escapement bears some analogy to 
the duplex, as the balance only receives an impulse at every 
second vibration. 

It is liable to set ; in other words it is unable to start itself 
from a position of rest when the mainspring is wound up. This 
necessitates that the balance be set in motion by a direct impulse, 
due to a shake or twist given to the entire mechanism. 

PBOPORTIONS BECOMHENDED BY TABIOI'S AETDOBITIES. 

SPEING DETEXT. 

ARN OLD*.— Fig. 7, plate IX., represents Arnold’s 
escapement as he made it for his best chronometers. 

The teeth project above the flat of the escape- wheel and act 
by their curved sides against an impulse pallet directed towards 
the (centre of the balance-staff. The pressure against the locking 
stone tends to elongate the detent; in other words it is directed 
from the detent foot b towards the extremity a. 

The unlocking of the tooth is eff ected by drawing the detent 
towards the escajje-wheel axis, so that the released tooth passes 
behind the locking stone. 

804 . — EARNSHAWt replaced Arnold’s wheel by one that 
was flat with inclined pointed teeth, fig. 8, plate IX. He arranged 

* Two watchmakers of this name have been celebrated in Eni^land, where tlic 
second, the son, followed up the successes of the first. 

J. Arnold's chronometers were acknowledged to be superior to those of Mudge, 
and in 1790 they secured him a reward of £1320. The younger Arnold obtained in 
1805 a further sum of £1680, making a total of £3000. 

t The modifications that Earnshaw introduced in the detent escapement and the 
excellent rates of his chronometers secured for him an equal Government recompense 
in 1805. 

Without wishing to detract from the merits of these makers, who are justly cele- 
brated, we may be permitted to point out that, as early as 1784, L. Berthoud in France 
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that it should rotate in the opposite direction, and thus it results 
that the pressure of the locking tends to force the detent towards 
its foot. It is driven from the wheel at the unlocking. 

The direction of the impulse pallet passed through the 
middle point of a radius of the roller. 

805. — TAVAN. — This author refers to three different 
forms of escapement as Arnold’s of which one was certainly 
not designed by that maker. 

The principles of constru(*,tlon adopted by Tavan and 
inserted after his descriptions may be summed u}) as follows. 

“ There are no fixed proportions to be observed in tlic 
unlocking pallet : if it is short, it must be pitched deeper with 
the auxiliary sj)rlng ; if long, the pitch should be less deep. 

“ If it be required to ascertain the length of impulse pallet 
that will secure a lift of GO", the best adapted to this escapement, 
the following is the method of 2 )roccdure : — With a 15-tooth 
escape-wheel divide the distance between the centres of the 
wheel and balance into 21 parts and take 15 of these for the 
radius of the wheel and G for the length of impulse 2 )allet.” 

This author, considering it highly important to secure 
great certainty in the lockings, places the resting point of the 
locking stone a little short of the tangential position Avlieii the 
detent is to the right of the wheel, and a little beyond it when 
to the left, so that the wheel always has a slight tendency to 
draw the detent towards itself. 

800. — JURGENSEN. — The following are the principal 
proportions of this escapement : 

The radius of the impulse roller should equal the interval 
between the points of two teeth. 

The face of the locking stone should bo inclined so as to 
occasion a slight recoil of the escape-wheel at the unlocking. 
(In the first edition of his work he made the locking tangential.) 

The unlocking spring can be directed towards the centre 
of the balance-staff. The action of the escapement is rendered 
more certain by making the unlocking pallet act slightly before 
the line of centres rather than beyond it, when on the point of 
unlocking the wheel. 

The escape-wheel teeth should accomplish the lead as 
uniformly as possible, and (in Arnold’s escapement), so far as 

Imd introduced into lu3 pivoted detent escapement most of the improvements <T mt 
were so liberally rewarded in England. 
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is practicable, perpendicular to the impulse pallet. (In his first 
edition Jurgensen states that the curve of the teeth of Arnold’s 
escape-wheel should approximate to an epicycloid.) 

The position of the impulse pallet should be so related to 
that of the unlocking pallet that there is sufficient drop, between 
the unlocking and the fall of the tooth on the impulse pallet, to 
ensure the proper action of the escapement. This drop should 
be rather greater in pocket chronometers than in marine 
timekeepers that are supported in gimbals. 

The detent should b(^ displaced to such a distance by the 
unlocking j)allet that it does not fall back against the banking 
screw until the liberated tooth has travelled to a distance of 
about a quarter the interval betw^oen two teeth beyond the 
locking stone. 

The banking screw of the detent is to be placed as near as 
])Ossible, to the centre of percussion of the latter. 

807. — MOINET. — The unlocking spring .should point very 
iiearly towards the centre of the roller, but so as to be struck 
after ratlier than before the line of centres, in the case of a spring 
detent. (This is the converse of what Jurgensen recommends.) 

The banking screw and locking stone arc set at about a 
quarter of the length of the detent from its extremity, this 
being approximately its centre of pei'cussion. 

All the other data given by Moinet arc to be found in tlie 
previously published work of Jurgensen. 

808. — A. BREGrUET. — Fig, 9, plate IX. represents a plan 
of the spring detent as suggested by Breguet. 

The locking is practically tangential to the escape-wheel, 
the tangent passing just in front of the centre of the balance- 
staff. The auxiliary spring is directed towards this centre or 
very approximately so, and reaches almost to a line joining this 
centre and the point of flexure of the detent. In very many 
English forms of the escapement its direction differs consider- 
ably from that here indicated. 

Finally, the point of rest on the loclcing stone and the 
point at which the unlocking pallet is struck arc so taken that 
the force cflecting the unlocking and the resistance at the lock- 
ing stone act on the two detent springs in such a manner that 
the detent itself is protected from the effects of torsion. 

The banking is carried at the extremity of a small arm or 
bar parallel to the detent. 
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This system possesses certain advantages but it entails 
rather more labour than those previously considered. It might 
perhaps have been definitively adopted had it not been employed 
in conjunction with that objectionable arrangement which places 
the balance and roller at opposite ends of the staff. Irregu- 
larities in the rate, due in great part to this mechanical error, 
brought this form of spring detent into disrepute, although it 
was one of the best known at the time. 

The Swiss escapement-makers have modified Breguet's 
detent, but unfortunately without understanding it. Thus the)^ 
varied the position of the locking point and of the point at 
which the auxiliary spring is stioick, and yet continued to make 
ail aperture in the flexible portion of the detent; this converted 
what was a rational proceeding into an absolute contradiction. 

809 . — GANNERY. — He considered a certain amount of 
draw essential and made the lift about 45”. 

The distance between the centre of movement of the detent 
and the extremity of the auxiliary (or gold) spring is to the 
radius of the escape-wheel as 2‘33 is to 1, or 7/6ths of the 
diameter. 

Its entire movement during the unlocking is 2” produced by 
a balance motion of about 22”. 

When about to accomplish the unlocking tlie pallet should 
come into action a little before the line of centres ; a double 
advantage is thus secured ; the greater portion of its lifting action 
is employed to effect the unlocking, and the remainder of the arc 
becomes proportionately less ; and this diminishes still further 
the already feeble resistance of the auxiliary spring. 

PIVOTED DETENT. 

810 . — L. BERTHOUD, MOTEL.*— Fig. 10, plate IX. 
represents, as accurately as is possible in a drawing of such 
dimensions, the detent employed by L. Berthoud and subse- 
quently by Motel. 

The rest is tangential to tlic wheel. The direction of the 

* Louis Berthoud (nephew of F. Berthoud) improved the calliper of French 
chronometers and constructed 150 of them. This is a great number for that daj, 
especially when we consider their excellent quality. He died in 1813. 

H. Motel was the pupil and successor of L. Berthoud ; he acquired considerable 
reputation by the great number of chronometers he made; they were beautifully 
constructed and possessed remarkable rates. He died in 1850. 
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auxiliary spring is such that the action of the balance is 
practically equal on either side of the line of centres, b c, and 
it terminates close to this line. The spring was formerly made 
of steel and the pin against which it rested was of gold. The 
point of contact required to be oiled. 

The necessity of applying this oil and of preventing it from 
passing to the unlocking pallet compelled them to form a pn)- 
jection in front of the pin, at the extremity of the auxiliary 
spring; this occasioned a slight flexure and a cutting action 
against the pin. 

The surface of the impulse pallet where it engages with the 
tooth is so curved as to facilitate the engaging and the lifting 
action. 

In the chronometers made by L. Berthoud and in very 
many of those by Motel, the inclination of the teeth is less than 
that indicated in fig. 10. 

The banking of the detent consists of a pin fixed exccn- 
trically in the head of a screw which is firmly held in the plate. 

A simjDle examination of the figure will make evident the 
mode of action of the recovering spring r b. Its effective length 
is about equal to the diameter of the wheel. 

L. Berthoud’s pivoted detent, amended by the use of a 
spiral recovering spring and a gold auxiliary spring at a less 
inclination to the detent itself, is an arrangement that bears 
comparison with the best escapements made. 

If it has been less studied than the spring detent this fact 
must be mainly attributed to the practice of the majority of 
French makers of arranging the balances of their marine chrono- 
meters to beat 18,000 vibrations per hour; an excessive velocity 
which made every fault of construction or error in principle the 
more manifest ; and it is further due to the high degree of finish 
and the manipulative details in which these makers took so 
much pride in their best chronometers, at the very time that 
the English-made instruments were characterized by marked 
simplicity. 

811 . — TAVAN. — In the memoir that describes the re- 
searches of this authority, all that refers to the detent escape- 
ment appears to be the result of a mere examination of 
chronometers by other makers and not from experiments made 
by Tavan himself. 

In addition to two drawings of the spring detent, he gives 

31 
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a very bad arrangement of the pivoted detent, and then con- 
cludes in favom’ of the latter in the following terms. 

“ The system that has the locking piece supported on a 
pivoted axis provided with a flat spiral spring to restore it to 
its locking position is preferable, because the resistance opposing 
the unlocking can be more easily modified by means of this 
spring. The locking action is more secxire when the locking 
stone forms part of a rigid lever than when it is fixed to a 
flexible spring.” 

812 . — MOINET. — ‘‘The pivoted detent is not thinned 
down to a spring and, instead of being provided with a foot, it 
has a fine axis at its extremity, the pivots rotating or rather 
oscillating in holes in the plate and a bar. A flat spiral spring 
of 3 or 4 turns and of sufficient strength is held by one end in an 
ordinary stud held friction-tight in the plate, while the centre 
is attached to a collet on the axis of the detent, precisely as in 
the case of the balance-spring of the ordinary balance. 

“ As the pivoted detent has been the less used, we are 
not possessed of comparative results that would suffice to decide 
us in our choice ; the spiral spring, being the longer, would 
appear to be characterized by a less rapid change in the 
resistance ; but the detent opposes a greater mass, and between 
these two effects, so delicate in the case of an escapement, it is 
impossible to decide except by special experiments, the nature 
of which appears, so far, to be but little known.” 

81 . 1 .— M. HENRI ROBERT.— Figs. 11 & 12 of plate IX. 
represent, in plan and elevation, a pivoted detent escapement 
as made by M. H. Robert ; he is, to the best of our knowledge, 
the only chronometer-maker, if we except M. L. Berthoud the 
younger, who has employed it in marine timekeepers. 

“ The front faces of the teeth are inclined in the direction 
q 0 , making an angle of 30® with the radius n q. This inclination 
is very generally adopted at the present day.” The face of the 
impulse pallet I forms the same angle with the radius of the roller. 

The small spring s is a strip of gold bent at right angles 
so as to form the foot s ' ; this foot has a slot cut in it, so that 
it can be passed under the head of the screw without the 
necessity of removing the latter. 

The direction given by L. Berthoud to this spring was 
modified by M. Robert, who made it less inclined to the body 
of the detent and directed towards the centre of the balance- 
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«tafE. He also set the banking screw, t, nearer to the centre 
■of motion. 

Summary of this chapter. 

814. — If the various forms of escapement that have been 
enumerated above be examined attentively, one is struck with 
the great differences in their several proportions, which seem 
to imply the absence of any precise basis founded on the laws 
of Mechanics. 

When an art or industry first commences it cannot be 
otherwise ; even science herself is forced to rely on carefully 
■observed facts, on a mass of experimental data, before she can 
enunciate her laws ; just as in mathematics it is impossible to 
determine the unknown terms except by the aid of quantities 
that are already known. 

It is, then, not without some advantage that the reader 
can here examine, side by side, the principal proportions 
adopted by the above authorities. 

Direction of the Impulse Plane. 

815. — The face of the impulse pallet, against which the 
teeth of the wheel act, was directed towards the centre of the 
balance-staff by L. Berthoud, Arnold and Motel ; and towards the 
middle point of a radius of the roller by Eanishaw and Breguet. 

Direction of the Unlocking Spring. 

816. — The small unlocking or auxiliary spring should be 
directed towards the centre of the balance-staff, or very nearly, 
according to all the authorities ; but with this difference, that, 
whereas some consider the action should be equally divided on 
either side of the line of centres, others assert that there is an 
advantage in effecting it before this line rather than after, and 
a directly opposite opinion also has its supporters. 

This difference in the mode of action might be caused by 
alteration of the direction given to the spring, and of the mode 
in which the small acting extremities are rounded. 

The line joining the point of flexure and the free extremity 
of the auxiliary spring is almost parallel to the body of the 
detent in Arnold’s and Eamshaw’s escapements ; on the other 
hand, it is inclined at a considerable angle in the escapements 
by L. Berthoud, Breguet and Motel. 

Banking of the detent, 

817. — The banking screw in the construction of Arnold 
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and of Eamshaw (c & figs. 7 & 8, plate IX.) may be regarded 
as a rigid obstacle. In that of Breguet it is a cam (a, fig. 9) 
carried on an arm whose only fault consists in its being too 
massive. Berthoud’s arrangement (o', fig. 10) is the best of 
those in use at his day. 

Number of Vibrations and Lift. 

818 . — Eamshaw and Breguet made their marine chrono- 
meters to beat 14,400 vibrations per hour. L. Berthoud and 
Motel increased the number to 18,000 or even beyond that 
point. 

A lifting angle of 60“ was very generally adopted by the 
old makers. 

Position of the Balance and Balance- spring. 

819 . — L. Berthoud, Arnold and Eamshaw placed the 
balance and impulse pallet near the middle of the balance-staff, 
and they thus conformed to the principles so clearly laid down 
by Pierre Le Roy. The balance-spring occupied the upper 
portion of the staff. Motel brought the lifting action too near 
to the pivot; but the system adopted by Breguet was, as regards 
this point, the most objectionable. He placed the balance at 
one end of its staff, the impulse roller at the other end and the 
balance-spring between them. 

Escape-wheel and Impulse roller. 

830 . — Arnold and Eamshaw made their wheels with 12 
teeth. Those of other makers had 15 teeth. 

The size of impulse roller is variable, because it depends 
both on the number of teeth and the distance between the 
centres ; and these quantities are not constant. 

L. Berthoud and Breguet made smaller rollers than did the 
English makers. 

All the early authorities employed very large wheels in 
comparison with those in use at the present day. The diameter 
has been gradually reduced and there is actually now some fear 
that makers will fall into an extreme in the opposite direction. 

Proportion between the detent and wheel. 

821 . — Taking the radius of the wheel as a basis of com- 
parison in each case, the following table gives the length of the 
detent, measured from the centre of flexure or from the centre of 
rotation, to the extremity of the auxiliary spring. 
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On comparing tliese figures among thomselrcs and examin- 
ing the different forms of modem escapements, ■R'e at once 
notice two facts : ( 1 ) pivoted detents are much shorter than the 
others (measuring from tlie centre of motion to tlie end of the 
unlocking spring); and, (2) whereas the French makers have 
retained, very approximately, the same length of detent as was 
adopted by Breguot and have materially diminished the size of 
the wheel, the chronometers of English design are, as a rule, 
characterized by b(dh shorter detents and smaller wheels than 
those of earlier construction. 

OBSEEVITIOS. 

833. — The detent escapement, in its two forms, as made at 
the present day is a composite invention. 

The principle of the free detent and the first escapement 
constructed on that principle are due to P. Le Roy. 

F. Berthoud applied a flexible blade to the detent in place 
of the axis, and he attached to the roller a light unlocking 
spring bent at right angles. 

Subsequently Arnold in England and L. Berthoud in France 
altered the form of this auxiliary spring, sometimes termed 
deer's foot spring, and attached it to the detent itself. 

Breguet set the banking screw at the extremity of an arm, 
and very approximately determined the length of detent best 
suited to marine chronometers. Prior to him L. Berthoud had 
employed an arrangement for banking the detent that is pre- 
ferable to the one in favour in England at the time. 

Arnold’s form of escape-wheel was abandoned in favour of 
the flat wheel with pointed teeth of L. Berthoud and Earnshaw. 

The detent escapement, then, independently of any minor 
improvements, cannot bo regarded as the invention of any one of 
the watchmakerswe have quoted above, but it is the outcome of the 
•collective labours and experiments of all these great authorities. 
To attribute it solely to one of them and to describe it, for 
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example, as Arnold’s escapement, which is still very often done 
in England and Switzerland, is a great injustice and utterly at 
variance with history. 


CHAPTER II. 

RLXIIVG PRI!VCIPI.ES THE COIVSTRUCTIOX OF THE 
DETEIVT ESCAPEHEx\T. 


General Considerations. 

823, — The reader will do well to read again our observa- 
tions in article 686 ; and these we will cf>mplete and supplement 
by the few following remarks. 

Chronometers by Arnold, Eamshaw, Berthoud, Breguet and 
Motel, as well as by their respective successors, have maintained 
excellent rates at sea. But the special arrangements adopted by 
these highly skilled watchmakers differed materially, for they 
employed long and short detents, large and small wheels, spring 
and pivoted detents ; and in this we have evidence of the fact 
that success is not secured by the mere selection of this or that 
escapement or of a particular size for any part, but that it 
depends, as has been already demonstrated in our theory of 
escapements, on a number of proportions and a certain initial 
relation between the several elements of the mechanism ; a 
relation which should be such that its modification by time (the 
thickening of oil, etc.) has the least possible effect on the rate of 
the mechanism, assmning it to be, in the first instance, properly 
timed. 

We do not include among these disturbing causes the wear 
of the parts that is brought about by an unsuitable mechanical 
combination, the employment of inferior materials, careless 
workmanship, or the ignorance of workmen. When the me- 
chanical execution is at fault everything becomes uncertain. 

Thanks to the labours of our predecessors we are now able 
to realize an efficient arrangement, and to secure results that are- 
somewhat better than those to which they attained, with almost 
absolute certainty, although we are still ignorant of the scientific- 
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explanation of several points. But they have opened out the 
way and set the limits to it; it is for us to avoid straying from it. 

THE TANGENTIAL ESCAPEMENT. 

Is ft possible for the centre of the balance and the loekins 
to be on one and the same tangent! 

824. — It is often regarded as an elementary rule in the 
workshops that, to secure the best results with this escapement, 
the locking point and the centre of the balance-staflf should lie 
on a line tangential to the wheel. 

This condition, assumed to be of primary importance, is 
open to the objection that it only deals with the question from 
one point of view, and it confines the problem within too narrow 
limits, since the data to be considered become too few. 

The locking point can always be set tangential, but the 
position of the centre of the balance varies with the lifting angle. 

825. — Let the circle ar r (fig. 4, plateX.) indicate the circum- 
ference of the escape-wheel, one tooth of which is held against 
the locking stone at r. The line r c is a tangent at this point r. 

If the wheel has 15 teeth, three of these will occupy the 
positions r, , 5 ; the balance must, then, be set at d to be on this 
tangent. The lifting angle hdV will in round numbers be 70". 

With a 12-tooth wheel the three teeth will be at r, a', a. The 
centre of the balance is then at e, and the lifting angle a e a’ is 60". 

Under similar conditions a wheel with 10 teeth will give a 
lift of about 45", and this is the amount most generally employed. 

Both theory and experience have indicated the objections 
to an excessive lift (97), and we know that, in practice, it is 
possible to secure a sufficient extent of vibration of the balance 
by a lift of about 45". Hence we shall do well to limit our- 
selves to this angle ; but it will be evident the application of the 
so-called rule would compel us to employ a wheel of 10 teeth 
in order to do so. 

Now, if the movement of the balance be adjusted, for 
example, to 14,400 vibrations in an hour, the 10-tooth wheel 
must move through an angular distance of greater extent in 
approximately the same period of time. It must, then, travel 
with a greater velocity than a wheel of 15 teeth ; but, since an. 
increased velocity corresponds to a much greater relative 
increase in the force producing it (121), it is evident that a 
greater motive force v^l be required. 
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We here have a new calliper of escapement to calculate 
and experiment upon j but a simple drawing at once shows that, 
ignoring the different velocities of the two wheels, when the 
one with 10 teeth is substituted for that with 15 teeth, it will 
involve longer acting surfaces, a larger detent and roller, in- 
creased motive force, etc., without any counteracting advantages 
that can, a priori, be detected. 

Tangential locking. 

S.2C. — We have just seen that, in modern chronometers 
with a small lifting angle, it is impossible to set the axis of the 
balance on the tangent drawm through the point of locking. It 
remains for us to ascertain whether any real advantage is 
secured b\- making this locking absolutely tangential. 

The gain is manifest if the face of the locking-stone is 
concentric with the centre of movement of the detent ; but, wlien 
draw exists, not only is there no such advantage in making this 
point tangential, but actual inconvenience may result from it. 

Three cases may present themselves : 

The locking face may be inclined and half of the stone 
removed, so that the surface would lie accurately on x z (fig. 52), 
the prolongation of a radius of the wheel, or more may be cut 
away, as c d ov i g •, the points of contact will in these cases be 
at i, a and c. 

On the first assumption the pressure will act in a direction 
towards the right of the detent ; in the second case it will tend 
from the locking stone towards the centre of movement of the 
detent, along the line a h •, and in the last case it will be directed 
towards the left. 

If the resting point is at a, the detent will have no tendency 
to move to the right or left ; and this practically secures a 
concentric locking face. But there is no advantage in this, 
because the resistance occasioned by draw must be overcome 
before the unlocking can bo accomplished ; a resistance which 
is mainly due to the height of the small incline that produces 
the recoil of the wheel (633). 

The setting of the locking point at b is very objectionable ; 
the resistance opposed to unlocking will be sensibly the same 
as it was for the plane a, and, since the pressure tends to force 
the detent from the wheel, the least shake will cause the detent 
to leave its banking screw. And it is easy to see, by using a 



THE LOCKING AND DRAW. 


489 


powerful eyeglass, that occasionally a slight interval exists 
between the two when this condition obtains. 



/ 

Fig. 52 . 

The only logical course is to set the locking-point ielow the 
tangential position or, approximately, at c. The steadiness of 
the detent against its banking being then more secure it will be 
possible to slightly diminish the height of the incline that causes 
the wheel to recoil, and, if this is done, rather less of the energy 
of the balance will be absorbed in the unlocking (650). 

827. — The height of this small incline gives a measure of 
the resistance to unlocking. 

The direction of the pressure against it indicates the degree 
of steadiness that the detent will possess during the locking. 

By intelligently combining these two elements we shall be able 
to determine the most favourable position for the locking point. 

Tbe Draw. 

828. — The resting surfaces in the earliest detents by L. 
Berthoud were concentric with the centre of movement of the 
detent, so that the wheel was not made to recoil. At the present 
day the tooth rests near the base of a straight incline, so that the 
wheel is impelled slightly backwards at the moment of unlocking. 

Some few watchmakers still maintain that draw is useless 
both in the lever and clironometer escapements; and their main 
argument is based upon the fact that the pressure takes place in 
the direction of the centre of movement and that the detent, in 
virtue of its inertia and state of perfect equilibrium, has no 
■tendency to move either in one direction or the other. 



490 


PRINCIPLE OF THE CHRONOMETER ESCAPEMENT. 


Without instancing the opinion held by a very great number 
of distinguished makers who have practically recognized the- 
necessity of draw, or the fact that it is at the present day almost 
universally adopted (although this must have some weight in the 
discussion of the question), we would point out to the advocates 
of concentric lockings that, when they deny that movements of 
rotation in the plane of the pallets or detent have any influence, 
they are justified, since such motion is exceedingly rare; but 
they appear to forget or to ignore the fact that the displacement 
of any form of locking piece by rebouiidings or quiverings when 
it is not properly held against its banking, etc., is mainly caused 
by a shake, or by the reciprocal action that occurs between 
moving bodies. 

Theory clearly establishes this fact, and we have given 
experimental proof of it in article 635. An ex])eriment, more- 
over, that can be easily made will suffice to convince the most 
incredulous. 

829. — If a chronometer or watch with detent escapement 
be so placed that the balance can be stopped at will while per- 
forming the supplementary arc, and if, in several trials, the 
balance is checked while at the same time the mechanism is 
subjected to sudden shakes and blows, the observer may per- 
ceive, not indeed always but in very many cases, on carefully 
watching the escapement held up to a cross-light, that the detent 
is at times held by the tooth of the wheel so as not to touch the 
banking. 

This fault is very common in escapements of Swiss con- 
struction, where the draw is secured by slightly rotating the- 
locking stone, cut so as to make the locking tangential ; and it is 
especially noticeable when the detents are at all soft or in- 
sufficiently rigid. 

This question of draw has been very fully discussed in 622 
and the following articles ; we therefore refer the reader to them. 

An experimental datum, which, however, allows of con- 
siderable latitude, fixes 12'’ as the best inclination for the locking 
face. The maker must modify this amount according to special 
circumstances ; it will be rather less for marine chronometers 
and more for pocket timekeepers. 

When the draw is somewhat considerable but at the same- 
time the pitch of the wheel and locking stone very shallow, this 
draw will remain constant for the longest period ; (it must, o£ 
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course, be understood that the pitch is sufficient to guarantee 
perfectly safe action). 

830. — In practice, when it is required to set the face of the 
locking stone at the proper inclination, the detent is fixed on a 
plate made for the purpose and provided with a projecting pin 
that serves to centre the detent. The ruby is placed in position 
and, while the shellac is still warm, small tweezers that are 
centred on the same pin enable the workman to rotate the stone 
to the amount required, as indicated by a long pointer ; this forms 
a prolongation of the prong of the tweezers that is in contact 
witli the face of the locking stone, and the free extremity 
traverses a graduated circular arc. 

The liifting angle. 

831 . — In the detent escapement the lift takes place precisely 
as in the duplex. The lifting angle must conform to the condi- 
tions laid down in 96, etc., 700, and 701 ; we therefore refer to 
them to avoid repetition. 

In chronometers of modern construction, which are superior 
to those of older date because a more perfect harmony exists 
among their several parts, the lifting angle has been con- 
siderably reduced. It has a mean value of 45“. 

This reduction secures an action that is less oblique to the 
line of centres ; it has therefore made the character of the lead 
and of the friction more satisfactory, and the escapement is less 
sensitive to the resistance opposed by thickened oil ; especially 
when the acting surfaces are supplied with oil, or when it has 
worked up to them. 

The Lead. 

Form and inclination of the acting surfaces of the Teeth and Impulse pallets. 

833. — Arnold’s escape-wheel had teeth projecting from the 
flat, like a crown wheel ; and they are roimded so as to act on 
a straight pallet directed towards the centre of rotation of the 
wheel, as in an ordinary depth. 

L. Berthoud and Motel employed inclined pointed teeth j 
but the face of the pallet, while being directed towards the centre 
of the balance-staff, was curved to a certain pre-determined 
extent where it engaged with the teeth, the radius of curvature 
being considerable (fig. 10, plate IX.). 

Eamshaw’s wheel is the same as that of L. Berthoud, 
except that the faces of the teeth are much more inclined because 
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the pallet lies in a very oblique plane passing midway between 
the edge and centre of the roller. 

In each case the lifting angle measured about 60°. 

Assuming the same diameter of wheels, if we endeavour to 
ascertain their respective merits we observe that : 

Arnold’s wheel rests against the locking by a short arm 
and exerts a proportionately increased pressure. The rounding 
off of the teeth causes a loss of some degrees in the lead (so that 
in order to obtain the same lifting angle a larger wheel will be 
necessary). We thus have an impulse of rather less energy 
communicated to the balance, and in effecting the unlocking it 
will be called upon to overcome a somewhat greater resistance. 

Berthoud’s wheel, with a pallet slightly curved at its 
extremity, has less drop before engaging and an increased 
velocity towards the end of the lead, as compared with 
Earnshaw’s wheel, wliich acts against a straiglit pallet set at an 
inclination. In this latter case the tooth falls against the 
locking stone with rather less energy but it gives rise to a 
species of draw on the impulse pallet which increases the lateral 
pressure on the pivots of the balance. The tooth, moreover, can 
never be so far inclined as only to act with its point ; and this 
accounts for the frequency with wdiich we find the teeth of 
wheels thus formed to be worn on the face. 

833. — The systems of Earnshaw and L. Borthoud are, 
with reason, regarded as of equal value ; they are preferable to 
that of Arnold because, rather less force being wasted, a heavier 
balance can be employed, and this diminishes the risk of setting 
since the unlocking absorbs less energy. 

Each of them, although having some faults, possesses 
important advantages. Modern makers have thus been led to 
adopt a combination of the two, which has as far as possible 
the advantages of both systems. The straight impulse pallet 
is usually preferred, and it is set so as to cut a radius of the 
roller at right angles, at about a quarter of its length from the 
centre (figs. 5 & 13, plate IX.). 

834. — The inclination of the front faces of the teeth should 
increase with that of the pallet. As a general rule, in practice 
the face of the tooth is inclined at an angle of about 27° to the 
radius of the wheel (a h z, fig. 5, plate IX.). 

To reduce the weight of the wheel, without at the same 
time diminishing the acting faces beyond what is necessary 
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(41), it is hollowed out on both sides, or more deeply on one side 
only. Fig. 53 shows two of the forms (a, n) of teeth that are 
employed, the one at n being more generally preferred. 
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Fig. 53. 

A and N are vertical sections of the flat of the wheels 
viewing the face of the teeth. 

THE DETENT. 

On the form of the detent and of the unlocking spring. 

— Detents and auxiliary springs are to be met with 
that are bent in the most fanciful manner; their makers flattered 
themselves that they would secure novel properties in the 
escapement, whereas they have only succeeded in proving 
themselves utterly ignorant of the very rudiments of Mechanics. 
Whatever be the form given to the detent and spring, it is always 
the virtual length of these levers that has to be considered 
(135 & 023). 

This applies to an unlocking spring when it only bends at 
one point ; but if it is thin throughout its entire len^h or for a 
certain part of its length, twisted forms, etc., will give rise to 
flexure that is often very complex and always detrimental. 

The auxiliary or unlocking spring.— Its direction. 

830. — A steel unlocking spring occasions wear in the course 
of time ; the cause of this has been already indicated in article 
810. It is best to make it of alloyed gold (when it is sometimes 
known as the gold spring) resting against a steel pin or simply 
against the extremity of the detent. 

We believe that the English makers were the first to 
employ a spring of this metal. 

837. — Should the spring be directed towards the centre of 
the balance-staff ? A reply can only be obtained to this questioa 
by examining actual escapements. 
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Three different forms are represented in figs. 10, 13* & 5 
of plate IX. ; they are shown on a larger scale and detached, in 
figs. 1, 2 & 3 of plate X., where the details will he more 
clearly visible. 

838i — The lines e h, e d, fig. 1, join the centre of the 
balance-staff with the centres of movement of the detent and 
unlocking spring, and, since the extremity of this latter is at s, 
it will be struck after the line h e when the unlocking occurs ; 
this action will therefore be unaccompanied by engaging friction. 
On the return of the balance the spring will only be touched 
after the line d e and the friction will still only be disengaging. 

Remark . — The great inclination of the spring gives rise to a 
considerable pressure at the point of contact with the pallet and 
against the pin, since the spring is, as it were, bent up on itself. 

This obliquity of the spring to the body of the detent, 
besides having the disadvantages mentioned here and in 810, 
is objectionable in that it involves an increase in the weight of 
this detent by the addition of the arm carrying the spring, and 
indeed by more than this amount if it is desired to distribute 
the metal equally on either side of the detent. 

839. — e will now consider figure 3. 

The pallet engages with the spring when on the line a r 
joining the centre of the balance with the centre of flexure of 
the detent. On returning, the spring is struck on the line m a. 
Both actions will be accompanied by only disengaging friction 
on condition that the thickness of the extremity n of the spring 
does not exceed the interval between the lines a /», a r at the 
point n. As this condition involves a point of extreme thinness, 
there will always occur in practice some engaging friction, 
according as the spring projects beyond a m ox a r. 

When the form of detent represented in fig. 5, plate IX., is 
employed, the auxiliary spring is set so that it lies slightly to 
the left, as nearly as possible forming a tangent to the circum- 
ference of the balance pivot ; and this causes a little engaging 
friction at the unlocking. 

840. — ^In fig. 2, plate X., the unlocking commences before 
the line g c and in the dumb vibration the engagement is also 
before the line fc. In both cases the Mction is partially engaging. 

* B j an engrarer'i error the extremitj of the detent ii brought too much to the 
left. It should be nearer to the line joining the point of flexure and the balance 
centre a. 


THE UNLOCKING SPRING. 


495 


As regards friction then this system is inferior to the two 
previously considered ; if some makers do prefer it, this is doubt- 
less due to the fact that it is characterized by great simplicity, 
and that it is easy to correct any slight error in the position of 
the extremity of the spring, by bending or straightening either 
the end of the detent or of the spring itself. 

We must assume that one advantage balances the other, for 
both systems are adopted by makers who are well-known for the 
excellence of their productions. 

We shall further consider this subject in the following 
article. 

The friction of the unlocking spring. 

841 . — The fact of the friction being partially engaging 
when the unlocking takes place does not appear to influence in 
any way the makers who adopt the forms of detent showm in 
figs. 5 & 13 of plate IX. (observing the footnote on page 494). 

The unlocking should be effected with absolute certainty ; 
but, in pitching the escapement, it is almost impossible to 
guarantee that each face of the spring is accurately on a line of 
centres. It will be in advance or fall short of it by an amount 
which, although doubtless very small, is apt to be increased 
by the movement of pivots in their holes and at times by the 
quivering of the detent itself. 

If the gold spring is struck beyond the line of centres, a 
given angular displacement of the detent will involve a deeper 
pitching of the spring and pallet, and thus both the extent of 
acting surfaces and the amount of engaging friction, •when the 
spring is lifted in the dumb vibration, will be increased. 

Many of the best makers allow part of the action to occur 
before the lino of centres, for they consider the advantages 
and objections of each of the cases under discussion to balance 
one another, and they further take account of the fact that it is 
impossible, in practice, to attain to mathematical accuracy, 
especially in the case of an operation that is so rapid as the 
unlocking of a detent ; the engaging friction thus produced is 
assumed to be neutralized by advantages in other directions. 

The entire question is thus sho'wn to be one of experience ; 
in other words, we must ascertain the nature of the contacts 
in a large number of chronometers that have been proved by 
long trial to be satisfactory ; but so far as we are aware such 
observations have never been made on an extensive scale. 
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All that we can assert is that several chronometer makers 
deny that they have ever been able to detect traces of the in- 
fluence of the unlocking pallet more frequently on one system 
than on another. 

The detent must bank at its centre or percussion. 

842. “Some makers appear to attach but little importance 
to the exact determination of the point at which a detent is 
banked. We think they are wrong in doing so ; for if, when 
the point is improperly placed, they also have a detent a trifle 
thin, liable to quivering and unequally elastic at different parts, 
etc. (and this is by no means of rare occurrence), anomalies 
may exist whose cause will be long sought in vain. 

If the banking screw is carefully located the detent will 
expend, in striking it, all the force with which it is impelled 
and will at once become stationary. On the other hand, if the 
banking does not occupy its theoretical position, the detent will 
quiver and will engage with the teeth when pressing against 
the banking with a variable force. 

843. — The point or centre of percussion (for a given 
distance between the locking stone and balance) varies accord- 
ing as the detent is long or short ; it follows that those makers 
who set the banking screw so that the detent rests with the 
locking stone against it, cannot make the detent of an arbitrary 
length : both this length and the general distribution of the 
material constituting the moving portion of the detent must be 
such that the point of percussion coincides with the banking point. 

Very many escapement makers, whose only aim is to make 
a servile imitation of the works of their superiors, demonstrate 
in this one point their complete ignorance of a simple me- 
chanical principle. 

By using a very delicate micrometer, all the dimensions of 
a detent may be taken, a drawing can be made and the position 
of the banking determined by calculation. 

We thus obtain a good first approximation. It may be 
experimentally verified as follows. 

Employing an eyeglass of high magnifying power and 
conveniently situated, it is easy to ascertain whether the detent 
quivers on striking against the banking screw ; but this 
verification must be made with the plate held in several different 
positions, first horizontal and then vertical. 
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If the whole is well arranged, no difference will be detected 
in the movements of the detent however the position be altered. 

The Banking Screw. 

844. — The detent must not be held against an absolutely 
rigid body (35). 

The two methods of banking shown at c, fig. 7 & d, fig. 8 
of plate IX., as well as those in which the detent rests against the 
head of a screw or a cam screwed to the plate of the movement, 
systems that are much used in Switzerland, are unsatisfactory. 

The cam presents a too great surface of contact, and the 
slightest angular motion changes the position of the point of 
banking. 

A screw head carrying a pin as arranged by L. Berthoud 
(a, a’, fig. 10, plate IX.) is good ; but only if we avoid rotating 
the screw (for the purpose of adjusting the pitch of the wheel 
and locking stone) as then the position of the banking point is 
altered. 

It is better to fix a banking screw in an arm projecting 
from the foot of the detent. This arrangement, shown at g, fig. 
13, & h, figs. 5 & 6, plate IX., is the same as that adopted by 
Breguet ; but less massive and the cam is removed. 

A pin set in the head of a screAv as well as an arm carrying 
a banking screw must be of but moderate volume ; if completely 
wanting in elasticity they would in time wear at the point of 
contact ; on the other hand, if made too thin they will oscillate 
at each blow of the detent. Experience must decide as to the 
most convenient dimensions. 

Diameter of‘ the locking Hone.— Angular movement of the 

detent. 

845. — When the locking takes place at the middle of a 
ruby cemented into the detent, the radius of the cylindrical face 
of this ruby is determined by the angular movement of the 
detent in effecting the unlocking. 

At the present day the locking does not occur at the middle 
of the stone and it is necessary to slightly increase the diameter. 
This diameter is generally made about one quarter of the interval 
between the points of two teeth. A large ruby needlessly loads 
the detent, and, if its comer is not considerably bevelled, it 
renders a greater angular motion of the detent essential ; in other 
words, it would be liable, on returning to its position of rest, to 
strike against a tooth with its curved surface. 


O* k 
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846. — In a well-made marine chronometer escapement, that 
is not characterized by heaviness in any of its parts or resistances 
due to bad arrangement as a whole, the angular deflection of a 
spring detent measures about 2° (brought about by an angular 
movement of about 22“ at the balance, inclusive of the action on 
the gold spring during the dumb vibration). This amount of 
load may be divided into two portions differing somewhat in 
extent ; the first effects the unlocking and the second draws the 
detent aside to such a distance from the wheel as to ensure that 
the tooth just released has sufiicient time to advance out of 
reach of the detent returning to the banking. 

It is hardly necessary to observe that, for a given balance 
movement, the angular path of the detent increases as the 
centres of motion are brought nearer together. 

A light detent or one that is at all stiff requires that the 
angular movement after the unlocking should be of rather 
greater extent than is necessary with a heavy or weak detent 
of the same length. 

It is impossible to give definite figures in relation to the 
subject for detents are found to vary in this respect. Recourse 
must be had to experience and observation as the best guide (854). 

liong and Short Detents. 

Experimental Data. 

84*. — Let c n (fig. 5, plate X.) be a detent with its centre 
of motion at c, the locking of the wheel at b and the extremity 
of the gold spring at n. Assume the unlocking pallet r to be 
centred at a. 

The angular displacement of the detent will ho ncff; and 
the centi-e h of the locking stone will be displaced to z. 

Now consider the centre of movement to be transferred 
from c to d. The angular motion will become nds ; that is to 
say, the displacement of n will bo somewhat greater, and the 
centre of the locking stone d will be carried to i/. 

The friction occurs through a longer period but the angle 
is rather less oblique, so that we may regard the friction in the 
two cases as the same. It will be noticed, however, that the 
greater displacement of the locking with this detent, which is 
necessarily heavier than the other, requires that it return more 
rapidly to its banking and therefore that its spring be more 
stiff*. To avoid this increase in the resistance to unlocking, 
the pitch of the detent and pallet must be diminished so as not 
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to exceed the arc ij, if it is required not to displace the locking 
further than a : ; a distance that is assumed sufficient in the case 
of the detent c n. 

We thus avoid one fault only by falling into another, for, 
if the pitch of the detent, c n, with the pallet were no more than 
is requisite to secure certainty in the action, then the pitching of 
the longer detent, d n, would be insufficient. It would, more- 
over, be liable to much greater variations through changes in 
relative positions due to play of the pivots. 

848. — From the theory of the lever we obtain the follow- 
ing results : 

Detent c n. — Power arm c n = 4 

Resistance arm cb — 2 

Detent d n. — Power arm J n = 8 

Resistance arm db = Q, 

which proves that the long detent offers the greater resistance 
to unlocking. 

On the whole, then, the long detent has two advantages : 
a less rapid progressive increase in the elastic resistance or 
tension and a less oblique action against the pallet ; but, at the 
same time, it is objectionable in offering a greater resistance to 
unlocking, and in being heavier, less firm, and less eertain in its 
action ; so that the faults far outweigh the advantages. 

This demonstration shows us what an error is committed 
by the Swiss makers, who form the detent of immoderate length 
under the false impression that they thereby diminish the 
resistance to unlocking. 

849. — Consider now the case of a short detent and assume 
its centre of movement to be at C the length will be t n. 

Unlocking under the assumed conditions will be impossible, 
and to bring the point b to z, the detent must be prolonged to Ic. 

A glance at the figure will show that this detent, ik or i z, 
will involve a much greater effort on the part of the balance 
than does the detent c n, owing to the great loss of force 
occasioned by the deep pitching, necessarily rapid bending of 
the spring, etc. We have already said enough on the subject; 
it seems useless to insist on this point. 

It is, then, evident that those discussions as to whether a 
long or short detent is preferable are as utterly idle as in the 
case of the long and short balance-springs, levers, etc. The 
horological axt does not admit the existence of long and short 
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detents. It fixes for each particular escapement the length that 
secures an absolute certainty in the several actions, and which 
offers such resistance to the balance as shall have the least 
possible disturbing effect on its performance, and therefore on 
its regulating power. 

850. — In the case of the marine chronometer as now 
made, it has been experimentally ascertained that the acting 
length of the spring detent should not be less than the diameter 
of the escape-wheel, nor more than the radius of the balance. 

A pivoted detent, measured from the centre of motion to 
the extremity of the auxiliary spring, should bo much shorter 
(by rather more than one-third this amount) ; for otherwise its 
weight, being increased by that of a counterpoise, would render 
the action of the escapement uncertain, especially in pocket 
chronometers beating 18,000 or 21,600 vibrations per hour. 

On advancing the locking stone by one tooth. 

851. — ^As a rule the escape-wheel rests against the locking 
stone by the second tooth in front of the one which will give 
the immediately succeeding impulse to the balance. 

Would there be any advantage in making it lock against 
the third tooth ? 

The preceding article has already settled this question. 

The choice of the third tooth renders a long detent essential. 
For, if of moderate length, the portion n h (fig. 5 , plate X .) be- 
comes considerable in comparison with h c, and such an arrange- 
ment entails all the inconveniences that are involved in an 
excessive angular movement, etc. 

Locking by the third tooth can have no advantages except 
in the case of a wheel of higher number or different diameter 
than those in ordinary use. At the present day such a system 
is only of service under certain special circumstances, and a 
watchmaker who is thoroughly conversant with the theoretical 
principles and possesses sufficient practical knowledge, will be 
able to decide for himself without difficulty. 

Impulse Roller.— IJnlocking Roller. 

852. — The size of the impulse roller depends directly on 
the nmnber of teeth of the wheel and the lifting angle (824). 

For a given wheel it varies directly with the lifting angle. 

Its diameter as compared with the other dimensions of the 
escapement may be determined by means of a large scale draw- 
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ing or, as is more usually done, by tracing the calliper of the 
oscapement (800). 

The diameter of the unlocking roller is usually from a 
quarter to a third of that of the impulse roller. 

Number of Vibrations; determining the amount of 
anguiar motion of the detent. 

853. — Marine chronometers with detent escapements have 
been made to beat 21,600, 18,000 and 14,400 per hour. 

The last number has been generally preferred, and this 
circumstance can be explained by the fact that with a higher 
number, 18,000 for example, and all the other parts to corre- 
spond, it is necessary to employ a lighter balance, impart a 
more rapid motion to the wheel, increase the lifting angle as com- 
pared with the supplementary angle, and, lastly, to multiply the 
number of wheels in the train or increase their angular velocities. 

Makers have, then, done wisely in not exceeding 14,400 
vibrations in the case of marine chronometers, where the parts 
are somewhat large and heavy and therefore render a powerful 
balance essential. In the case of pocket chronometers the com- 
parative lightness of the mobiles makes it advantageous to use 
the number 18,000 or 21,600, as by so doing the effects of 
shakes, etc., are rendered less detrimental. 

854. — The adoption of higher numbers, moreover, enables 
us to diminish the extent of the angular movement of the 
detent, for it must return more promptly to the banking screw. 

In marine chronometers this motion, varying from 2“ to 4°, 
is effected by a balance movement measuring rather less than 
halfiSiQ lifting angle (846). 

In pocket timekeepers with this escapement, that give 
18,000 vibrations, it need not be more than about one-third, 
and, for 21,600, one-fourth. These figures have been obtained 
by some of the best makers from extended series of observations ; 
but it must b ) remembered that they cannot be regarded as in 
any sense absolute. 

Is tbe spring detent superior or Inferior to the pivoted 

detent t 

855. — This question has been very often asked and has 
given rise to long controversies between some of our most skilful 
-chronometer makers ; several interesting articles have appeared 
in Vol. III. of the Revue Chronometrique on the subject. 

Without being in any way partial or desiring to do more 
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than determine which is preferable, we shall discuss it, holding- 
the opinions of our eminent fellow-workers in all respect, but at 
the same time being independent, as we can be from our com- 
plete disinterestedness. 

These observations will necessarily be brief; for very 
many points in the discussion have already been settled by tho 
preceding explanations. 

Here in a few words is the history of the subject. 

The pivoted detent, invented in France by P. Le Roy and 
perfected by L. Berthoud, was experimented upon in England, 
mainly by Arnold in his chronometers without the fusee. Fig. 
8, plate X., represents one of Arnold’s detents, taken from a 
drawing by Tavan, who copied it from an English chronometer. 

This form of detent is radically wrong. The length from 
J to 0 is enormous as compared with that from oto e: it requires 
a considerable angular movement to effect the unlocking, for 
otherwise the pitch of the wheel and locking stone would be 
insufficient to ensure certainty of action. 

The banking screw s is too near the centre of motion ; the 
quivering occasioned by the weight and the great length of the 
arm o d will cause tho detent to engage with the tooth of the 
escape-wheel when resting sometimes firmly, sometimes lightly 
and at times even not at all against the banking screw. Tliis 
effect will be the more serious and difficult of detection according 
as the point of banking is brought nearer to the centre of move- 
ment, and as the pivot-holes are larger and allow of a lateral 
displacement that will vary according to the state of the oil. 

If to these remarks w^e add that the English workmanship 
of that day was much loss delicate and more massive than that 
of French chronometers, it -will be evident why detents of this 
construction were irregular in their action and became sluggish 
in the course of time. Dissatisfied with the results arrived at, 
Arnold assigned to the resistance of oil effects that were mainly 
due to faults of construction and to the general mechanical 
arrangement. Compare Arnold’s pivoted detent with that of 
L. Berthoud (e' o' d'). 

We would observe that Arnold’s recovering spring was. 
attached to a collet set concentric with the axis. 

His arrangement of the escapement with spring detent 
(fig. 7, plate IX.) is infinitely superior ; this accounts for his- 
having abandoned the experiments on the pivoted detent. 
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The pivoted detent is undoubtedly a French invention; 
but this is no proof that we must give the entire credit of the 
invention of the spring detent to England. We have set this 
historical point in its true light in article 822. 

Advantages and disadvantages of each form of detent. 

856. — It is urged against the spring detent that : 

It offers a greater opposition to the unlocking ; 

This resistance varies with the position in which the escape- 
ment is held, for it is supplemented by the weight of the moving 
part or diminished by this amount according as the escapement 
is held vertical or horizontal ; 

It is apt to be strained. 

857. — The objections to the pivoted detent are : 

Its necessarily greater weight ; 

The increased friction on the gold spring, since the pitch is 
deeper and the angular movement greater ; 

The resistance at the pivots ; 

Lastly, very great care is necessary in its adjustment and 
in determining the position of the banking screw. The most 
careful workman is often obliged to pitch the detent two or three 
times before arriving at the exact position. 

858. — The spring detent is advantageous in that : 

It permits of the force beingmore advantageously distributed ; 

The difference in the resistance opposed in various positions 
cannot come into play in the case of marine chronometers ; 

With a broad flat spring, such as is employed at the present 
day by the best makers, distortion, even if it does occur, has no 
sensible effect. 

859. — The defenders of the pivoted detent urge that : 

It is more solid and there is no possibility of this straining ; 

There is no change in resistance when the position is varied; 

It is more 3 fiicient in diminishing the detrimental effect of 
the fall on to the banking screw (861). 

As to its being more easy of construction we cannot grant 
this to be true. Both systems of detent require the hand of a first- 
rate workman in their construction. Such pivoted detents as can 
be made with ease are bad and heavy ; they are simply useless. 

— Ignoring the question of the resistances that depend 
on the form of recovering spring and the presence of oil on the 
pivots, points which will be discussed in the two succeeding 
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articles, we think very little of the fact that an unequal degree 
of force is required to effect the unlocking, just as we regard the 
difference as to difficulty of construction of no moment ; for this 
inequality, which is very slight and mainly results from the 
difference in the lever arms, is partially neutralized by the some- 
what greater friction owing to the lead being of longer duration ; 
and the want of equality thus often quite disappears. 

The influences that have to be considered are almost in- 
stantaneous, and the practical differences, in the case of good 
workmanship, slight, and we have come to the conclusion, after 
consulting experienced makers in order to ascertain which offered 
the greatest facilities of manufacture, that the sjwing detent is 
justly preferred to the pivoted detent for marine chronometers 
(with 14,400 vibrations); and that the pivoted detent offers more 
advantages (853) in the construction of pocket chronometers 
(with 18,000 vibrations). 

In conclusion, they arc two distinct mechanisms having 
valuable qualities of different kind, but they likewise have 
objections that differ. In the hands of a skilful chronometer 
maker equally good results may be secured, and success may be 
relied upon with either form. Ho will know how to make the 
most of their good points and diminish their faults ; we must 
therefore not make either system responsible for errors com- 
mitted by unskilful imitators. 

The friction at detent pivots. 

861. — A. pivoted detent does not rotate on its axis but 
merely oscillates through a very short arc. The contact be- 
tween the pivot and pivot-hole gives rise to a simple pressure or 
a very limited rolling. This action, then, cannot be supposed to 
resemble the true friction at the other pivots of the mechanism. 

The side of the hole is subjected to an elastic pressure 
analogous to that exerted on the head of the banking screw ; 
as in that case, too, the elasticity of the support (the staff of the 
detent) diminishes the effect of the fall. Two very remarkable 
consequences follow from this fact : (1) the face of the steel 
banking does not deteriorate, although there is a constant 
succession of impacts on the same point, which cannot be said 
of the spring detent ; (2) the pivots of the detent and the sides 
of the pivot-holes maintain their initial condition. 

Seeing then that, when the locking stone is of ruby instead- 
of steel, the points of the escape- wheel teeth suffer no wear, and 
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that the pivots of a ■well-made pivoted detent remain intact, two 
results follow : firstly, it is unnecessary to apply oil to the lock- 
ing stone, and, secondly, the oil applied to the pivots will remain 
good. This latter fact is rendered the more certain by the 
circumstance that these pivots are only subjected to a slight 
pressure, without sensible friction ; and the oil is not continually 
being intermixed by rotation, as in the case of other pivots. 

This preservation of the oil is now a proved fact; it is 
therefore not usual to employ jewelled pivot-holes. 

86l3. — The resistance opposed by the detent pivots to 
motion has its source, not in friction properly so called, but in 
the effects of adhesion and capillarity. We are probably not 
far from the truth if we look upon it as analogous to the friction 
that opposes the commencement of motion of a stationary body. 

What is its value ? It is impossible to decide this question 
a priori, and the experiments it would involve are of so delicate 
a nature that we cannot reasonably expect an exact figure. It 
appears certain however that, whatever its value, it varies in 
time, for the resistance opposed by adhesion to the separation 
of two bodies is in proportion to the extent of surfaces in contact 
and the consistency of the lubricating body between them. 

If the detent pivots are fine and not too long, this resistance 
has been considered to be inappreciable by some eminent 
makers, notably by H. Robert and the younger Berthoud. 

At the same time, small though it may be, it certainly does 
exist ; and, without making either too much or too little of it, 
since a suitable recovering spring can easily counteract its 
influence, it should not be entirely ignored (end of 8613). 

Straight and spiral recovering spring. 

863. — Moliiet, in comparing the two forms of detent, 
observes that the pivoted detent would appear to offer a less 
rapidly increasing resistance, since the action of the spring 
detent depends on a short straight spring, whereas in the 
other a relatively long spiral is employed. 

We will assume for the present that such is the case. 

Suppose that to the same detent recovering springs have 
been applied of the two kinds, and of equal force, that is to say 
jsuch that, when deflected through the same angle, they maintain 
the detent against its banking screw with equal steadiness. 

For a given angular displacement of the detent, the resistance 
will become greater as the length of the spring is diminished. 
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The velocity of its return will, then, vary approximately 
in inverse proportion to this length. 

Would it then he better that there should be less resistance 
during the lead, involving a diminished velocity in the return ? 
Or is it preferable to have a somewhat greater resistance opposed 
to the unlocking and, at the same time, a more rapid recovery. 

A series of comparisons, continued for a sufficiently long 
time, in which difEerent recovering springs were employed in 
conjunction with the same detent, might decide these questions. 
It would be imprudent to attempt their solution solely from a 
theoretical point of view and with our present knowledge ; the 
results might easily be erroneous, for there arc frictions, flexures, 
etc., that are so rapid and minute as to escape detection, which 
cannot be represented by even approximate figures. 

We have assumed that the resistance increases more rapidly 
with the straight spring and this point could be easily settled with 
angles of deflection of some extent, but, the angle in this case 
being very small, 2® or 4®, the straight spring may be compared 
to a spiral spring of sufficient strength and suitably arranged. 

If it were demonstrated that the velocity with which a 
detent is brought back by a spiral spring diminishes with time, 
it would prove that the resistance opposed by the pivots ought 
to be taken into account. 

864t — Although these questions still remain in abeyance,, 
the following conclusions are accepted as true at the present day. 

Observation has proved that a straight spring is sometimes 
oxidized at the point of contact and still more frequently ad- 
hesion occurs that has a sensible effect on the very limited 
movement of the spring ; in many cases both these circumstances 
will in time check the return of the detent. 

A carefully fitted spiral spring gives rise to neither friction 
nor lateral pressure, and its action may be relied on if it possess 
the strength necessary to restore the detent to its position of rest 
with sufficient rapidity; in this case the resistance opposed to 
unlocking is approximately the same as with a spring detent, 
assuming all other conditions to be the same. In using a spiral 
recovering spring, then, we cannot count upon the slight differ- 
ence in the action due to the less resistance offered to unlocking 
by a pivoted detent; an advantage, by the way, which we have 
always regarded as insignificant. 

The spiral spring should not be longer than is necessary to 
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secure a motion fairly concentric with the pivots (3 to 5 turns). 
As the length is increased it will become more sensitive to 
variations of temperature and to shakes. 

To design the Escapement.— To calculate its proportions. 

^05. — The methods and details given in 749 and the fol- 
lowing articles are applicable here, and we have given such 
exhaustive explanations that it seems needless to do more than 
give the directions for tracing the calliper ; these will be found 
below. 

The same may be said as to calculating the proportions of 
the escapement when the wheel is known. The details of 
articles 748, 754, etc., will suffice. 


CHAPTER III. 

PIC.4CTICAL. DETAILS.-CAUSES OF STOPPAGE ASID 

VARlATlorV. 

To draKV the calliper of the escapement. 

860. — Through a perfectly smooth brass plate drill a fine 
hole (a, fig. 7, plate X.) for the centre of the escape- wheel, and 
trace out the circumference. Assume the wheel to have 15 teeth. 

This plate is centred on the wheel-cutting engine by the 
hole a and waxed on the table; then draw the lines a c i and a 6, 
with the pointed cutter, inclined at an angle of 24®, and draw 
ad oi 24® to the second line. 

Lastly draw a in, which accurately divides this second angle 
into two equal parts. The centre of the balance wdll lie on this line. 

The lift, inclusive of the drop, having been previously fixed 
upon, say 50°, two methods may be adopted for ascertaining the 
position of this centre. 

First Method . — Draw with very great care the angle q z p 
(fig. 6) of 50° on a piece of metal, and accurately bisect this by 
the line x z. The portion must then be cut out, of the form 
shown in fig. 6, and placed on the calliper so that the line x z 
coincides with h a. Maintaining this coincidence, let the sector 
gap slide from a towards m until its two sides pass through the 
points at which a d and a b cut the circumference ; the angular 
point then fixes the point in. 
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A spot is made ttero strictly coinciding with the apex of 
the sector and fixing the centre of the balance. 

Second Method . — If a line be drawn through d and b (fig. 7) 
it will be observed that the triangle ffi d J is isosceles ; so that, 
the angle h md being 50°, each of the two other angles of the 
triangle will be 65°. Hence, by drawing through b and d lines 
inclined at an angle of 65° to d b, the point of intersection of 
the lines b m, d m will give the required centre. 

Or this centre might be determined by calculation ; but 
those who arc in a position to employ this method will not 
require further details than those above given. 

The angle is verified by a protractor fitted with an index 
and centre pin, or on a wheel-cutting engine. If any error is 
detected, it is corrected by moving the centre towards or from 
the point a, and a fine hole is then drilled at m on the drilling 
tool. 

From this centre draw the circumference of the roller. It 
should be at such a distance from the points d and b as to allow 
of the necessary play and secure the proper action of the wheel 
and roller. 

Draw the circumference of the unlocking roller ; its 
diameter is between a quarter and a half of that of the impulse 
roller, varying according to the size the balance-staff is required 
to be. 

867. — The most delicate operation in the entire tracing of 
the calliper is the determination of the centre of the locking 
stone. 

We know that this locking should occur a little in advance 
of the tangential position (826). In order to satisfy this con- 
dition draw a s inclined to a c i at an angle of a few degrees ; 
through this line a s draw, from the point of contact of the 
tooth c, a perpendicular c r, which fixes the direction of the 
body of the detent. 

Draw through the point of contact c another line c t forming 
nn angle of about 12® or 15” with a s, and the centre of the 
cylindrical face of the locking stone will lie on c ^ ; it must be 
remembered that the pitching (generally amounting to from one- 
quarter to one-third the diameter of the stone) should not be 
more than is absolutely necessary to render the several actions 
certain (839). 

Drill a hole to indicate the position of the locking stone, 
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increasing its diameter as required; it is then easy, by examining 
the finely drawn lines with a powerful eyeglass, to make sure 
that the hole is properly located. 

Drill the hole for the detent foot screw, and draw a lino to 
indicate the direction of the unlocking spring, etc. 

When the calliper has been completed in the manner ex- 
plained, a well-proportioned escapement must be made, using it 
as a guide ; the maker ascertains that the parts are properly 
proportioned by causing them to work together when placed in 
position on the calliper. 

868. — Remark . — The wheel-cutting engine is the most 
accurate instrument for the measurement of angles, but in its 
absence the circumference of the wheel may be traced on the 
plate of the calliper and then, placing the wheel itself on the 
plate, mark with very great care the points of three successive 
teeth by fine dots. The calliper must then be completed by 
means of a well-made ruler and compass. The accuracy of the 
drawing will be increased by making it on a plate of considerable 
surface so that all the lines can be prolonged ; the chances of error 
will of course diminish as the divergence of lines becomes greater. 

FBACnC^X DETAILS. 

869. — We shall be brief under this heading, confining our- 
selves to such points as are peculiar to the detent escapement. 
For any watchmaker that undertakes to make it must be assumed 
to possess suflScient practical knowledge, and to have already 
had experience in other forms of escapement. The manipula- 
tive details are in great part identical with those already given 
so fully either in the preceding chapter or in our discussions of 
the duplex and lever escapements, to which the reader is referred. 

Tlio Escape'Wheel* 

870. — The wheel is made of well-hammered brass or of an 
alloy of gold, silver, and copper. It is hardened by a suitable 
annealing. It is cut with a circular cutter or, more frequently, 
a single rotating or hooked cutter as in the case of duplex or 
lever escape-wheels. Fig. 16, plate X., shows, in section, the 
forms of the two cutters ; one of these is used to cut out the 
spaces and to form the front faces of the teeth, and the other to 
make the back of the required shape. 
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The tooth must not terminate in a sharp angle but in a 
small rounded surface. (See the articles on the duplex and 
lever escape-wheels.) 

Most makers are content to gently rub the points of the 
teeth with a piece of oiled wood, after the escape-wheel has 
been set in position in the chronometer. 

To make a spring detent. 

871. — The most diflicult case that can present itself is the 
replacing of a broken detent. For then its position is 
rigorously determined. 

On a finely smoothed plate mark all the centres of move- 
ment with very great care; also the holes for steady-pins, 
screws, etc. : then draw the several lines (if possible on the 
wheel-cutting engine) including the direction of the detent. 
Enlarge with cai'e the escape-wheel hole until its pinion enters 
the hole, where it must turn truly and with gentle friction. 

If the pinion is at a distance fi:om the wheel, turn (on the 
mandril) a hollow in the plate, which the w'heel just enters, 
being held by the slight contact of the teeth. 

Having now set the wheel in its position on this calliper, 
adjust the roller on it with a staff or arbor passing without 
play through the enlarged hole corresponding to the balance. 
It then becomes easy to verify and, if needful, to correct the 
position of the locking stone (867). 

873. — Very great care and prudence are essential in the 
selecting and working of the steel of which the detent is made, 
for otherwise there is likelihood of the expenditure of much 
trouble to no purpose. Square fibrous English steel, exhibiting 
a fine grain when fractured, close-grained and of a grey silvery 
shade, is most usually preferred. It must be annealed and then 
hammered, the blows being slight and always directed on to the 
face of the plate. It is then tempered to a blue shade and, after 
filing it up square and perfectly flat on each face, mark the several 
holes for the locking stone, etc., and di’ill them on the drilling 
tool ; then shape the detent with a file. 

The filing of the spring requires close attention lest the 
metal be in any way strained. The position of the detent 
should be varied during the operation so that the metal may be 
removed evenly, for the hand always has a slight tendency to 
can to one side. 
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The spring must be no stronger than is necessary. It should 
be smooth and gradually increase in thickness from the foot. 

The lantern spring, having an opening in the middle, is bad. 
The elasticity of the two sides is rarely the same ; they are 
nearly always unequally hardened, and their centres of flexure 
are therefore seldom on the same axis. 

873. — The hardening of a detent requires not only the 
most minute precautions on the part of the workman, but it is 
also essential tliat he possess considerable skill in conducting the 
operation, to avoid distorting or over-heating the spring. The 
hardening may be accomplished before the requisite thinness is 
attained ; finishing it subsequently with an iron and oilstone dust. 

Every escapement maker has his own mode of hardening, 
the success of which is solely dependent on skill. One of the 
processes enumerated in paragraph 490 may be adopted, or the 
following modification. 

Make an oblong box in platinum foil, about 5 or 6 milli- 
metres (0'2 ins.) in diameter and longer than the detent, closed 
at one cud. It must be provided with a base to fix it on the 
charcoal and this latter should be cut away so that the box is 
supported by its two ends. After introducing the detent, it is 
raised to a red heat by directing the flame against the platinum 
jacket and, when the whole is heated to the required tempera- 
ture, the detent is allowed to slide into oil. 

Some workmen previously direct the blowpipe flame on to 
the sm’facc of the oil at two or three points, and they assert 
that such a practice prevents any distortion of the detent. We 
have never tried this method and are therefore unable to speak 
as to its efficacy. 

The detent must not bo enveloped in powdered charcoal 
or animal black : for particles would adhere to the spring at 
certain points and cause those portions of the metal to receive 
a less degree of hardness. 

874. — When the detent is finished and the auxiliary spring 
attached, fix a temporary locking stone of steel in position. If 
the whole has been carefully made it will be possible to correct 
any error of position by slightly varying the inclination of the 
locking face or its pitching with the wheel, and the adjustment 
should then be complete. The steel locking piece will, after all 
corrections have been made, be given as a model to the lapidary. 

Drill holes for the steady-pins of the detent foot, after 
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placing it so as to be maintained with sufficient force against 
the banking screw. 

Pivots and Pivot*taoles.— Balance-Spring and Balance. 

875. — The details necessary on these points have been 
already given xmder the same headings in Chapter III. of the 
Lever Escapement. The reader must refer back to those articles 
and he should be competent to select for himself what is 
applicable to the present case. 

870. — As the isochronal spring and compensation balance 
are absolutely necessary with this form of escapement, we refer 
to the chapters in the Third Part of the work that specially treat 
on those subjects and on Timing. 

We would, however, at once mention that the position 
adopted by many chronometer makers for pinning in the spring, 
because it diminishes the risk of setting, is that which places 
the discharging pallet in the position shown in fig. 5, plate IX., 
for zero tension of the spring ; so that a very slight motion of 
the balance will effect the unlocking. 

This rule, although sufficient, is vague ; and the following 
is more precise. 

The spring should maintain the balance, when at rest, in 
such a position that on turning it either to the right or left, it 
has to describe the same arcs to permit the detent or the unlock- 
ing spring to esc-ape. 

Causes of Stoppage and \'a^<aitoH. 

877. — The detent escapement does not admit of any 
second-rate workmanship. All the causes of stoppage and 
variation result from bad manipulation or errors in principle. 

It is useless to enumerate these causes, which we have 
indeed already indicated. Any watchmaker of ordinary intel- 
ligence should be able to detect them ; otherwise he must pro- 
ceed to study the escapement from first principles before he 
undertakes either to make or repair it. 

With regard to the faults that are inherent in this par- 
ticular mechanism, such as setUngy tripping, and banking, they 
have been reduced to a minimum, and need not be feared in 
a well made timekeeper, except when it receives a jerk during 
winding or if it is subjected to violent shaking, as in walking, 
riding, etc. ; but we must again repeat that the chronometer 
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escapement is not suitable for daily use; it should only be 
employed in instruments intended for scientific observations 
and by those that know how to take care of it. 

Nevertheless we would add, in conclusion, that the chrono- 
meter maker should attach very great importance to : deter- 
mining the effects of rebounding and shaking, especially sensible 
in the case of light detents ; — the condition of the spring of the 
detent which may give rise to complex and unlooked for effects 
of flexure, according as it is directed more or less approximately 
to correspond with the pressure on the locking stone, as it is 
more or less straight, or curved crosswise in the polishing, etc. ; — 
banking screw out of place; — ^the velocity with which the detent 
returns to this screw variable with temperature; etc., etc. In a 
word, all the several actions must take place with absolute certainty^ 
notwithstanding any changes that may be brought about by the 
age of the oil and alterations of temperature. 

878. — We will conclude by referring to the necessity of a 
perfect equipoise with the pivoted detent, made sufficiently 
evident by the experiments described in article 635 ; we would 
also draw attention to the rebounding action, to which detents 
banked against their poise end are more especially subject 
when the banking screw is not exactly in its proper place. 
These influences have been more especially marked in pocket 
chronometers without fusees, and they are attributed, rightly or 
wrongly, to the excessive force applied to lift the detent. This 
conclusion has been due to the fact that, on examining the 
escapement against the light with a powerful eyeglass, in several 
cases the interval between the detent and its banking when a 
rebound occurs was found to be most marked with the main- 
spring fxdly wound up. 

Why wa* Atnold’s detent abandoned? 

879. — In the arrangement adopted by Arnold, the pressure 
of the wheel against the locking stone tended to elongate the 
detent ; in Earnshaw’s, the tendency was to press it towards the 
foot. The latter system has been retained. 

It is, nevertheless, inconvenient in that, other things being 
equal, it renders the steadiness of the detent less certain : the 
spring of Eamshaw’s detent is therefore usually made somewhat 
thicker than in Arnold’s. 

But, if the plan adopted by the latter authority is preferable 
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from this point of view, it has the grave objection of being only 
available with the teeth projecting from the flat of the wheel, as 
in those made by Arnold himself. For a given diameter such a 
wheel would be heavier at the circumference than a wheel with 
pointed teeth, and would give a less lifting angle ; it would exert 
a greater pressure on the locking stone and this would be as 
objectionable as the stiffness of Earnshaw’s spring; and, lastly, 
the wheel must be made true with the greatest possible care. 

BOVBLE-VTHEEt CBBONOMETEB BSCAFEKBirV. 

880 , — This escapement, shown in fig. 12, plate X., was first 
made by Owen Robinson, an English chronometer maker. 
Shortly afterwards U. Jurgensen* made it with success, and he 
brought it to a high state of perfection. 

At first two superposed wheels were used. They underwent 
a similar modification to those of the duplex, and are now 
combined into one ; triangular prismatic teeth, projecting from 
the flat of the great wheel, replace the small wheel. 

The use of two wheels is advantageous in that it facilitates 
the setting of the impulse wheel in position, but their total 
weight was greater than that of the single wheel, which, more- 
over, only requires as much care as is devoted to the cutting of 
the best duplex wheels. 

881 , — As will be evident from the drawing, this escapement 
only differs from those already described in having a double 
wheel. The impulse is applied by an arm d s that is shorter as 
compared with the resting arm. The pressure on the locking 
stone should be sufficient to ensure the steadiness of the detent, 
and, if we assume this pressure to equal that of the escape-wheel 
in an ordinary chronometer, it necessarily follows that the lifting 
action in the double-wheel escapement will be more energetic 
than in that of ordinary construction ; but it should bo observed 
that this slightly increased pressure, which may be considered 
beneficial, is opposed by the inertia of a heavier wheel, absorbing 
a greater amount of energy. 

With a 15-toothed wheel, the balance will be planted 


* Urbain Jurgensen, a Danish chronometer maker, was bom in 1776 and died in 
1830: he associated himself with the best makers of his daj, and especially Dreguet. 
He is justly celebrated for the construction of excellent chronometers and very good 
astronomical clocks, and has left us a work on the exact measure of time that can eren 
now be studied with adrantage. 
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:Somewhat nearer to the tangent passing through the point at 
which the tooth rests. 

On the whole then, balancing the advantages and objections, 
they very approximately neutralize each other, and the final 
result or, in other words, the uniformity in the rate attainable, 
is simply equal to that of a well made ordinary detent escape- 
ment. 

Jurgensen frequently employed this escapement (with a 
12-toothed wheel) in marine chronometers and obtained good 
results; but, if equal results are obtained, we prefer the ordinary 
detent escapement: it is more simple and presents greater 
facilities of manufacture. 

OETE.Vr ESCAPEIIEXT Wim BECOTUtIKC FAUEtB. 

882. — The detent in the first detached escapement of P. Le 
Roy was not restored to its position of rest by a spring ; its 
movement was effected by a kind of unlocking pallet attached to 
the balance and engaging with two small arms carried on the 
detent staff. 

Since his time another form of pivoted detent has been 
adopted, the detent being brought back to its resting position 
by the wheel engaging with a supplementary pallet known as 
the recovering pallet. 

Fig. 11, plate X., represents such an arrangement. 

The detent pa carries an auxiliary spring /a. When the 
roller turns in the direction indicated by the arrow, the unlocking 
pallet strikes the detent a, releasing the tooth d. The wheel in 
its motion strikes the pallet h with the tooth c, and thus com- 
municates the impulse to the balance. Towards the conclusion 
of this impulse, the tooth /, meeting with the recovering pallet 
forces it backwards, restoring the detent to the position it 
occupies in the figure ; this tooth, /, is then held stationary in 
the position g. 

The return vibration is dumh. 

883. — Escapements of this class have always been unsatis- 
factory and for evident reasons. 

The recovery is effected suddenly through the action of a 
wheel, which is moving with a variable velocity; there must, 
then, necessarily occur a rebound, vibratory movement, etc. 
"These effects are highly detrimental, all the more so because 
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the detent rests for an instant, so to speak, in mid air ; for it 
only actually rests agsdnst its banking p during that portion of 
the dumb vibration which commences with the lifting of th& 
auxiliary spring by the unlocking pallet. 

Sufficient accuracy has been oWined for ordinary purposes 
with some forms of escapement with recovering pallet, but in 
chronometers used for scientific observations they have given 
results inferior to those obtainable with a good detent escape- 
ment. 

884. — If the recovering pallet is set too near the centre of 
motion, it renders necessary an increased motive force, for it 
absorbs a great portion of the energy of the wheel ; if placed too 
far off, it will render the detent more sensitive to the influence 
of the variable velocity of this wdieel. 


NOTES 

ON certain detached escapements. 

Pin Escapement (for watches). 

885. — The pin escapement was invented by Amant prior 
to 1740. It is believed that Robin was the first to arrange it 
so as to be detached from the moderator throughout a great part 
of the oscillation, and to adopt it in watches ; but we have no 
precise knowledge as to this point. 

The escapement was made at Geneva at the beginning of 
the century, and the model made by Tavan, and described in 
the memoir enumerating his works, dates from that period ; a 
few watches of this construction are still occasionally to be 
met with. 

It was very soon abandoned ; for the j)ins do not retain 
the oil and an escapement that is not worn is very rare. 

It is merely a lever escapement in which pins take the 
place of the teeth of the wheel, thus rendering it possible to bring 
the two pallet-arms nearer together. We shall dispense with a 
description as an examination of fig. 9, plate X., will make its 
form and mode of action evident. 
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The pin escapement of watches when compared with the 
lever escapement as now made is as much inferior as the hook 
escapement is inferior to the cylinder, and for the very same 
reasons. The observations contained in paragraphs 585 and 
586 are therefore equally applicable to it. 

If the pallets are fitted with rubies, and more especially if 
the pins are formed like those of Savoye’s virgule escape-wheels, 
it possesses a good rate, but in no way better than that of a 
well-made lever escapement. With equally satisfactory rates 
this latter has the advantage of retaining the oil better on the 
Acting surfaces, and it can be made by machinery at the present 
day with very great precision and at low cost (757). It is as 
well, then, that the pin escapement was abandoned. 

886. — During the past thirty years several watchmakers 
have taken out patents reviving this mechanism, which was new 
to no one but themselves ; and one of them has even gone so far 
as to suggest the use of hardened steel pins, held firmly in the 
rim of the wheel. To employ a watch wheel so made at the 
present day is to utterly ignore all the resources and appliances 
of modern industry. 

The arrangement shown at fig. 9, plate X., is the design 
that has most frequently been followed. In the large model 
made by Tavau, the wheel had only 12 teeth. To avoid 
excessive thickness of pallets and to make the whole lighter, he 
cut away the extremities of the two arms in the manner 
indicated by dotted lines ; but this I’emoval of useless metal did 
not in any way alter the escapement, either as to the locking 
faces or the impulse faces, Avhich may be straight or curved. 

Robin Rscapcuient. 

Old and new patterns. 

887, — Fig. 14, plate X., represents the escapement invented 
in 1791 by liobin* and bearing his name. 

The detent has two locking faces m and ». The unlocking 
is effected by the action of a small pallet, engaging in a fork 
at the end of a detent, and the impulse, which only occurs at 

• Eobert Eobin, a clever French watchmaker, was bom in 1742 and died in 1799. 
In addition to inventing several ingenious devices, he made some of the large turret 
clocks of our public buildings. The design and execution of his works are, as a rule, 
aremarkablj good. 
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every second vibration, results from the pressure of a tooth, a 
for example, against the face <? of a notch in the roller. 

The only action during the dumb vibration is to unlock 
the tooth resting against the face «, and to allow it to advance 
to the position a in fig. 14. This is preparatory to its giving 
the impulse during the return vibration. 

A guard-piece or dart, not shown in the figure since it is 
covered by the fork, is, at the moment of unlocking, exactly 
opposite a notch cut in a roller which is carried on the balance- 
staff ; the detent is thus prevented from overbanking. 

888* — This escapement was much thought of on its first 
introduction ; it was, however, very soon abandoned. We 
shall presently explain the reason for this. 

Attempts were made a few years ago to restore it to 
favour and to improve its form. This new design certainly has 
some slight advantages over the original ; but, as it does not avoid 
the primary fault of the escapement, there is little likelihood of 
the efforts for its introduction being crowned with success. 

Fig. 54 shows one of the modem forms of the Robin 
escapement. 

The roller (shown dotted) and the fork, 5, have the same 
forms and perform the same functions as in the lever escapement. 

A smaller roller a, carried on the balance-staff, is provided 
with a ruby impulse-pallet c. The escape-wheel is represented 
locked against the pallet d. Assume the balance-staff carrying 
the roller a to turn towards the left ; the pallet c will pass in 
front of two teeth without engaging with either. But, when 
the balance returns towards the right, the ruby-pin n will enter 
the notch in the fork and, impelling it towards the right, will 
release the tooth h. The tooth r now falls against the locking 
face of the pallet /, and the wheel rotates through the distance 
that separates r from /. The tooth p is thus brought somewhat 
forward, as indicated by the dotted lines. 

In the return vibration, when the balance is brought back 
by the balance-spring, a second unlocking will take place and, 
the wheel being free to move, a tooth will fall on to the pallet 
c, and communicate an impulse to the balance, which terminates 
with the tooth g reaching the arm d. 

889. — Other Robin escapements have also been made 
resembling fig. 11, plate X., with the auxiliary spring removed ; 
the detent terminating at its upper end in a fork and the recover- 
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ing pallet « being inclined in the reverse direction, so as to form 
a locking face. 



This latter construction will be seen to only differ from that 
previously described in the number of teeth that are included 
between the impulse and locking pallets ; the action is identically 
the same as in the first escapement in 1791, and neither of these 
two varieties can be considered an improvement on it ; in both 
■'.he main causes of irregularity of the Robin escapement ai’e 
retained as we shall proceed to show. 

They require just as much care in pitching as a pivoted 
detent escapement ; especially when formed as sho-wn in fig. 14, 
plate X., where the total displacement of n is very slight. As 
regards this point the form given above possesses advantages ; 
but the length of the fork-arm and the necessity for banking 
pins near the poise end may give rise, in the long arcs, to 
marked effects of flexure. It is to these causes, especially the 
one just mentioned (to which we first drew attention in the 
&evw Chronometrique in 1855) that we attribute the final abandon- 
ment of the Robin escapements, notwithstanding that several of 
them had given very excellent rates. 

When the ruby-pin effects the unlocking of a tooth in the 
lever escapement, this tooth presses on the inclined plane of the 
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pallet-arm, and immediately the side o of the lever notch (fig. 
55, page 519) engages with the ruby-pin and impels it forward. 
Since the lever alone is then exerting a force, its banking may 
be set more or less distant, according to tlie greater or less 
inclination of the impulse planes ; this fact is taken advantage of 
to secure a sufficient interval of safety between the ruby-pin and 
the horn I a, and, besides ensuring perfect safety for the entrance 
and exit of the ruby-pin to and from the notch, every contact 
that would be detrimental is avoided. 

But such is not the case in the corresponding period of 
action of a Robin escapement ; it is not the fork that leads the 
ruby-pin, but this latter leads the fork, pressing against the side 
« (fig. 56). It necessarily follows, then, that unless there is a 
considerable amount of draw holding the detent back, the ruby- 
pin will catch against the corner of the horn both on entering 
and leaving the notch. If we take account of the oil, and of 
the fact that very many detents quiver and rebound on falling 
against the banking, there will be no difficulty in recognizing 
the source of numberless irregularities, and it will be evident 
why the Robin was abandoned, and with what good reason the 
lever has been preferred. 

Itreguet's Escapement with natural lilts. 

890i — Most of the escapements in use at the beginning of 
this centmy were inconvenient because they were liable either 
to setting or to tripping or to rapid wear, mainly owing to the 
intensity of the friction at certain jioints for which jewels had 
not then been introduced. Doubtless struck by these incon- 
Teniences, Breguet sought to avoid them by the introduction of 
his novel form of escapement with what he termed natural lifts; 
an expression that has reference to the fact that two lever arms 
are in contact during the lift, and then travel in the same direc- 
tion through the application of a force almost perpendicular to 
the line of centres. 

891 . — The following is a description of this escapement. 

The last wheel of the ordinary train, ud{^g. 10, plate X.), 
engages with another smaller wheel ov ; on the axes of these 
two wheels are carried two escape-wheels, b of six teeth and A 
of three teeth. 

The successive lockings of the wheels b and a take place 
against s, which moves on the same axis as the fork-arm. This 
latter is identical with that of a lever escapement. 
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The action of the entire mechanism will now be easily- 
understood. A turn of the key will set the four wheels in 
motion. The tooth y, engaging with the impulse pallet 
leads it to /i, giving an impulse to the balance. The piece z, 
being impelled towards the right, is then met by the tooth n 
which is locked. The entire system of four wheels is now 
stationary. 

On the retui’n of the balance, the fork being carried towards 
the left, releases the wheel b, and the tooth r (which is now at 
i) engages with the second impulse lever until it reaches the 
point n ; at this moment the tooth y, having started from /g is 
locked by as this arm has been restored to its first locking 
position. 

The piece z is movable on the staff of the fork-arm but held 
in a line with it by two side springs, The object of this 

arrangement is to prevent z from coming in contact with the 
back of a tooth, as it might do when the mainspring is 
run down, in the case of either -ndieel, A or B, being forced 
backwards by an impulse arm. With the device indicated, 
the piece z will be moved sufficiently to one side to allow 
the tooth to pass, and will at once return to its normal 
position. 

892. — Notwithstanding that the conditions which Breguet 
seems to have laid down are very perfectly satisfied in this 
escapement, ingenious and carefully worked out like all the 
inventions of this celebrated horologist, it does not give good 
results, although it be very^ well made ; but it has served a purpose 
in proving indisputably' that to increase the inertia of the several 
mobiles and to multiply' the points of contact is the surest mode 
of preventing uniformity', in an action so rapid and so nearly 
instantaneous as that of an escapement. It has also some value 
from an historical point of view, and for that reason we have 
reproduced it here. 

Breguet made some callipers in which the two escape- 
wheels as well as the two wheels attached to them had the 
same diameters. 

9Iac Dowall’s Single Pin Escapement. 

893. — This escapement is nothing more than a modification 
of that exhibited by M. Deshays (1022) at the Exhibition of 
1827. It attracted considerable attention at the time and many 
clock and watchmakers thought extremely well of it, for the 
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lockings took place under very favourable conditions, and the 
method of applying the impulse presented a much more complete 
solution of the problem of natural lifts than did the arrangement 
suggested by Breguet. 



The escape-wheel is replaced by an ordinary plain wheel (of 
about 90 teeth), engaging ^vith a pinion of 6 leaves, and on the 
axis of this pinion a small circular disc or roller is carried (a, fig. 
57). This roller supports a pin c, projecting from its face. 
The roller in rotating forces the pin-shaped lever a g (which 
takes the place of the lever in an ordinary lever escapement) 
to the right or left according as the pin is engaged with the face 
nd or s min the head of the lever. Assume the pin to have just 
acted on the face n b and thus to have accomplished a half-lift 
(figs. 57 and 58) ; it then falls against the circular arc d # (fig. 59),. 
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and is locked. It continues thus until the balance, having 
received an impulse from the fork at G (formed precisely as in 
the lever escapement), is brought back by the balance-spring and 
effects the unlocking. The pin, coming in contact with the radius 
s m (fig. 57), forces it towards the left and, escaping from it, falls 
on to the circular locking face n p ; while the balance, being 
entirely detached and having received the impulse necessary for 
the maintenance of its movement, completes its vibration. Its 
return occasions a fresh unlocking, etc., and so on through all 
succeeding vibrations. 

The following is the mode of forming the head of the lever : 

Through the centre of movement, e (fig. 57), and the 
centre of the roller, 0 , draw the line z 0 e ; then draw the two 
lines E K, E R, forming with the first the lifting angles z e k, 
z E R. These lines give the position of tlie pin in the roller^ 
and therefore the size of the roller. 

The piece of metal for forming the lever is carefully 
trimmed and made smooth and flat, and the line z e drawn, on 
it ; drill the holes E and 0 on this line at a suitable distance. 
Taking the point 0 as a centre, draw the circular arc T E. Mark 
off the angle t 0 e of 12“ (to represent the draw on the locking 
faces), and from the point T as a centre trace out the locking 
faces X d s, y n p. The interval between these arcs is the 
diameter of the pin, allowing the requisite freedom. When 
thus far complete the piece may be roughed out with a file. 

The lever is usually made of gold and will work without oil. 

894. — We have indicated the recommendations of this 
mechanism. Here are the faults that characterize it. It ren- 
ders an additional mobile necessary, and this mobile, the energy 
of whose movement is inferior to that of an ordinary lever 
escape-wheel, must move with considerable velocity ; this ex- 
cessive velocity, as well as the smallness of the force producing 
it, causes the roller in time to become sluggish in its movements, 
because it is directly influenced by the oil and by every chango 
in its condition. 

This prejudicial effect, which interferes with the timing, 
cannot be avoided except by employing a very heavy balance : 
but we are thus on the horns of a dilemma ; there must either 
be sluggishness in course of time or an excessive motive force. 
For this reason the very rare cases in which this escapement 
has been successful have not sufficed to secure its adoption. 
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Another Pin BSscnpcmcnt — sometimes termed the T*tooth Iiever 

Escapriiiriit. 

g95, — do not know who was the inventor of this escape- 
ment, which is represented in fig. 13, plate X. It has been 
several times experimented upon in Geneva and, as one would 
anticipate from a theoretical study of its arrangement, it has 
never given very good results. 

It is no more than a variety of the form last described and 
is characterized by nearly all its faults, in addition to being 
less certain in its action. 

For when the unlocking takes place through the action of 
the fork, which is similar in every respect to that of the ordi- 
nary lever, the pallet / must have moved sufficiently towards 
the left to ensure that the tooth engaging with it is pitched deep 
enough to secure its proper action. The tooth a having been 
released and the first lift completed, a fresh locking takes place 
against the tongue d, at the conclusion of which the tooth c 
occupies the position ?, the pallet 6 being also in the same posi- 
tion. These two projections must pass very near to each other, 
moving in opposite directions. 

At the second unlocking, the pallet i is impelled backwards 
in close proximity to the tooth shown dotted, so as to be suffi- 
ciently in advance of this tooth at the instant of unlocking to 
receive an impulse from it. 

All these actions involve great uncertainty ; the intervals 
of safety must be reduced almost indefinitely so as to secure a 
deep enough pitching, and, without very great jjrecision in the 
working of the several parts (only to be secured by most accu- 
rate workmanship in the escape- wlicel and the head of the lever), 
there is a constant risk of catching. Moreover, if we take 
account of the thickening of oil, so sensible wlien the pivots fit 
exactly in their holes and the wheel is required to move with 
considerable velocity, it will be evident that we can, as already 
stated, predict from a theoretical study of the escapement, aided 
by a simple sketch, that it is far inferior to the ordinary lever. 

Ctoiitard Escapement. 

896. — ^It consists of a detent b c (fig. 15, plate X.), moving 
on pivots and provided with a locking pallet at b and a recovering 
pallet at d. A very light gold finger i d, moving on the detent 
staff, is held against a banking i by the action of a flat spiral 
spring fixed at c beneath the detent. Otherwise the escapement 
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is similar to that of an ordinary chronometer with the roller 
reduced. 

When the balance turns from right to left, the impulse 
pallet c passes close to two teeth of the escape-wheel, allowing a 
slight interval of safety without any contact, whilst the dis- 
charging pallet / meets the extremity of the finger i d. This 
finger yields, and, after moving a little backwards, escapes from 
the pallet and returns to its initial position, being brought back by 
the spiral spring. Nothing further occurs duiingthisfirstvibration. 

On the return of the balance, the discharging pallet again 
presses against the finger; but, since its farther extremity is 
now resting against the pin i, the detent is raised at B and the 
wheel released ; one of its teeth engages with the pallet e and 
gives an impulse to the balance. 

The detent is brought back to its position of rest, towards 
the conclusion of the lead, by the tooth a forcing the recovering 
pallet d backwards. 

This escapement has been principally employed in small 
portable or carriage clocks, where its inventor substituted it for 
the ordinary detent escapement, as that is not satisfactory for 
ordinary purposes. It has the advantage (we are here not 
referring to the chronometers used for scientific observations) of 
being more easily adjusted by a watchmaker of average intel- 
ligence, as well as of possessing a smaller escape-wheel and a 
heavier balance. In the Gontard escapement, the only conse- 
quence of an accidental unlocking will be that a tooth passes 
too quickly. 

We are afraid that it would be characterized by a re- 
bounding of the detent and a rapid falling off in the crossings, 
with adhesion and perhaps even actual fixing of the collet that 
carries the finger, in case of oil reaching it ; whereas it should 
work very freely on its axis and be kept dry. Many yesirs’ 
experience seem to show that when carefully made it gives good 
results ; M. H. Jacot, one of our best makers of carriage clocks, 
has assured us of this fact. 

Composite detached escapements. 

Tavan 8 Escapements. 

89!?. — Several w atchmakers have made composite detached 
escapements ; for instance, in part lever and in part Robin. 

The lever-formed detent has two resting surfaces; one 
terminates with an inclined plane which receives an impulse from 
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the wheel to transmit it to the balance, and the other surface 
terminates in a point so that the wheel, immediately on the 
unlocking, acts directly on the pallet in the roller, and a second 
impulse is thus applied to the balance. 

Such an escapement is inferior to the lever because it does 
not offer the same facilities of manufacture, and because it is 
characterized by at least half of the faults of Robin’s form, even 
assmning that it is not liable to setting on the pointed resting 
piece of the detent. 

898 . — Of all composite detached escapements we believe the 
•one invented by Tavan in 1805 and known as the crab-claw 
escapement to be the best. It has the two resting surfaces of 
Robin, but they are made of a circular form and the two pallets 
come near together, almost as in the pin escapement. The impulse 
is transmitted by means of a hooked pallet and under very favour- 
able conditions, the friction being almost entirely disengaging. 

We do not give a drawing of this elegant and ingenious 
•escapement because it may be found described in almost every 
modem work on horology, and because all we can say of it at the 
present day, with advantage, is to point out its defects of two 
vibrations, one is dumb ; the action of the unlocking pin in the 
fork is characterized by the same fault as in the case of Robin’s 
escapement ; lastly, it is more difficult to make and set in 
adjustment than a lever, and, except in the mode of application 
•of the lift, is inferior to it from every point of view. 

The same maker’s escapement known as the Echappement 
brise et a surprise is only a modified form of that just discussed. 
One of the resting faces is separate from the detent and sup- 
ported between pivots, rendering it possible to materially 
■diminish the drop ; but there is no advantage secured by doing 
so because the number of contacts is increased, there being an 
additional staff and pivots, and the difficulties of construction 
JOXQ proportionately greater. 

When we remember the period at which they were designed, 
we cannot help seeing great merit in many old forms of escape- 
ment, but they should not be employed in modern horology 
without a clear knowledge of their shortcomings. 

Constant force or Remontoir escapements. 

The constant force escapements for watches are also 
•employed in clocks, and a few details relating to them will be 
found in article 1489 . 



ESCAPEMENTS 

OF Clocks and timepieces. 

PBumiNABy. 

Dead>beat and Recoil Encapements. 

899t — The watch escapements already discussed are occa- 
sionally used in stationary clocks ; but we shall not consider 
them here. 

The escapements of timepieces and turret clocks that are 
controlled by a pendulum may be classified under four heads as 
in the case of watches, according as they are recoil, dead-beat, 
detached or constant force escapements. We are accustomed to 
this classification and shall retain it so far as the subject permits. 

The construction of clock escapements, whether detached 
or undetached, must conform to the laws already enunciated in 
our Theory, of course omitting all that concerns the balance- 
spring ; in describing these several escapements, then, it will 
only be necessary for us to give references to the paragraphs in 
which the principles are demonstrated. 

The construction of recoil escapements must be governed 
by these same principles equally with others, and yet our 
manufacturers have not hitherto made it depend on any theo- 
retical basis. All that has been published on the subj ect resolves 
itself into this; recoil accelerates the long arcs of oscillation (which 
are generally caused by an excessive motive force) ; it can, then, 
be taken advantage of as a means of increasing the uniformity 
in the rates of ordinary timekeepers. It will be evident that 
this is no more than a fact deduced from experience, a sort of 
makeshift that has been insufficiently studied, which watchmakers 
accepted although they thought light of it. 

The natural consequence was that this class of escapements 
have been left more or less to chance and been made by inferior 
workmen. Excessive recoil has often been found necessary as 
a set off against the erroneous proportions of the mechanism as 
a whole, although it is a well-known fact that too much recoil 
always gives rise to rapid wear of the acting surfaces. 

It has thus happened that, seeing the results obtained were 
usually very inferior, many watchmakers have unhesitatingly 
condemned these escapements without exception, maintaining 
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opposed to the motion of the pendulum, retards it, but the 
tendency is to hasten its return ; the long arcs thus become more 
and more rapid in comparison with the short arcs, in proportion 
as the curve n j is more pronounced. 

But the converse is the case with the curve n 1. The 
gradual reduction in the length of the escapement arm and the 
fact that the direction of the force is below the point J, accelerate 
the short arcs, and, on the return of the pendulum, the tooth as 
it were holds the anchor in check. Hence it is evident that, as 
the arcs of oscillation become greater, they also become slower. 

904. — The effects of such a curve as n j, which produces 
recoil during the ascending half of the oscillation, a recoil that 
may be called disengaging, have very frequently been observed 
in practice. As to those which, like n I, give recoil during the 
descending half of the oscillation, that is an engaging recoil, they 
have never been fully studied, since they were regarded as being 
of no possible use. At the same time this double recoil ought 
to be carefully investigated, since the two forms may occasionally 
coexist in an escapement in which the tooth rests against a straight 
locking face. 

Experimental Facts . — Dent made some trials of the influence 
of engaging recoil ; the loss on the rate that accompaiiied an 
increase in the motive force was very marked. 

In the Memoirs of the Academy of Sciences two clocks with 
anchor escapements are referred to, in one of which any increase 
in the motive force occasioned a loss and in the other a gain, a 
circumstance which must have been due to differences in these 
curves, either intentional or occasioned by careless workmanship. 

After those observations had been made, Romilly informs 
us that his father discovered experimentally, and Saurin seems 
to have demonstrated analytically, that the curve of the pallet 
in an anchor escapement should be very approximately the 
envelope of a circle in order that the escapement may itself 
counteract any irregularities in the motive force. 

005. — In conclusion, then, it is important to remember that 
by the adoption of certain excentric curves results can be obtained 
that are the direct converse of those brought about by varying 
the length of the escapement arms with concentric locl^gs ; and 
we thus are enabled to control the various elements of regularity 
and isochronism, employing them either in combination or apart 
according to circumstances 1931). 
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906. — An escapement ann witli concentric locking that is 
theoretically too short and requires the use of a curve analogous 
to « / is occasionally met with, but so rarely that the mere indi- 
cation that it is possible appears to suflSce. 

007. — An escapement arm that is too long is very frequently 
to be found in modern clocks ; and, either in consequence of the 
.practical impossibility there is in securing the exact dimension 
needed, or of errors or difficulties in the manipulation, all the 
dead-beat escapements of commerce or very nearly all are influ- 
enced by variations in the motive force. 

In this consists their fault ; and this is the one point to 
which a remedy should be applied, that remedy being recoil. 

908. — Before proceeding with this question we would 
observe that although moderate recoil is exceedingly valuable, 
in combination with a suitable length of escapement arm, as a 
means of procuring uniformity in the rate in the case of ordinary 
clocks, it increases tlic pressure on the locking face and must be 
carefully avoided in regulators. They are always the work of 
an accomplished maker and should be provided with an anchor 
that has concentric lockings ; for this can be made accurately to 
accord with the demands of theory, or at any rate we can so 
nearly realize this condition as to secure all the advantages that 
the escapement offers. 

The same may be said of turret clocks. In them the 
disadvantage of an excessive pressure is frequently met with, 
and any recoil would increase it. 

While drawing attention to the benefit to be derived from 
the existence of moderate recoil in ordinary clocks, it is right 
to observe that if it exceeds a certain amount it can only secure 
a temporary uniformity duo to an equilibrium existing between 
two faults, an excessive movement being balanced by an exces- 
sive pressure; th's soon causes wear of the acting surfaces, 
when everything becomes uncertain. 

In repairing clocks, when the workman cannot always take 
his choice of the method to be followed or replace pieces that 
are badly formed, a recoil that corresponds to the faults he has 
to correct will often be of the greatest service ; but he must 
remember that perfect contacts can only exist when this recoil 
is of moderate extent and the teeth of the wheel not too narrow 
■<«), slightly beaded crosswise and smoothed, say, with soft 
charcoal. 
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EXPEEHIENTS of F. BERTHOUD on recoil and DEAD-BEAT 

ESCAPEMENTS. 

009 . — F. Berthoud determined experimentally the effects 
produced by recoil and dead-beat escapements, and the alterai^ 
tions to which they give rise in the movement of a detached 
pendulum. It is important to be acquainted with the results of 
these experiments, although the very positive conclusions that 
their author drew from them are disfigured by serious errors. 
It could not be otherwise, since he started from a wrong assump- 
tion, basing all his arguments on one fact, which he constantly 
confirmed, namely that with a dead-beat escapement there is 
always a loss on the rate when the motive force is increased. 
He ignored that property of the lever which is fixed by the 
point we term the theoretical point ; a property already, we hope,, 
clearly explained in previotis articles ( 100 , 230 , etc.). 

010 . — The instrument employed by Berthoud for these 
researches comprised three moving parts : the first was driven by 
a descending weight attached to a cord round a cylinder on the 
axis, the second was the escape- wheel, and the third the anchor 
supported on its axis and connecting the train and pendulum. 

The length of the pallet arms could be increased or 
diminished at will. 

“ On the pallet-staff,” says Berthoud, “ I fitted three forms- 
of anchor so made that, in conjunction with the same escape- 
wheel, one was dead-beat, the second caused considerable recoil, 
and the third gave an isochronal escapement ; they were made 
so as to give the same lifting arcs. 

“ The escapement with excessive recoil caused the wheel 
to move backwards through an angular space equal to that 
measured by the inclined plane of the pallet. 

“The isochronal escapement gave a recoil of the tooth 
equal to one-quarter this distance.” 

Before commencing the main experiments Berthoud set the 
pendulum to vibrate freely, and adjusted its movement to corre- 
spond with that of a seconds clock. “When this is done,” he 
says, “ we shall be certain, after one of the escapements above 
referred to has been brought to act on it, that any variations in 
the rate of the machine are due to this escapement.” 

BZPBSIMBKTS WIIB TBB DEAD-BEAT ESCAPEBEHT. 

011. — “I applied a dead-beat escapement with a lifting 
arc of 5*6®, a motive force of 30’59 grms. (about 1 oz. Troy) and 
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an arc of oscillation of 8®. In an hour the clock lost 30 seconds, 
or at the rate of 12 minutes per 24 hours. 

“Without altering the adjustment I doubled the motive 
force ; the arc of oscillation of the pendulum increased to 12®, 
and in an hour the clock lost 35 seconds, or 14 minutes per 
24 hours. 

“Employing the same escapement with three times the 
initial motive force, the pendulum described an arc of 14®, and 
there was a loss of 37 seconds in an hour, or 14 minutes 
48 seconds in a day. 

EXPBRIUBKTS WITH PALLETS CATTBINa EXCBSSITB XBCOIL. 

913. — “ On the crutch axis I fitted an anchor whose pallets 
occasioned very considerable recoil; the lifting arc was 5 '5®; 
arc of oscillation, 8® ; motive force as before, about 1 Troy ounce. 
In one hour there was a loss of 15 seconds; in 24 hours 6 
minutes. 

“With the same escapement; the motive force doubled; 
lifting angle the same ; arc of oscillation, 10® ; loss in one hour, 
G seconds ; in 24 hours, 2 minutes 24 seconds. 

BirEKIMENTS WITH PALLETS GIVING MODKBATB BECOIL (iSOCHBONAL). 

913. — “ The anchor with pallets of moderate recoil was next 
fitted on to the axis: lifting arc 5’5® ; arc of oscillation, 8®; motive 
force, about 1 Troy ounce as before ; in one hour there was a 
loss of 27 seconds, at the rate of 10 minutes 48 seconds per 24 
hours. 

“ The escapement and its lifting arc remaining unchanged, 
the motive force was doubled ; arc of oscillation, 12® ; loss 27 
seconds per hour, or 10 minutes 48 seconds per day. 

“ Same escapement and lifting arc; motive force trebled; 
arc of oscillation 14’5®; loss in 1 hour, 27 seconds, and, in 1 
day, 10 minutes 48 seconds. 

“ These experiments suffice to show the manner in which 
the oscillations of a pendulum are modified according to the 
character of escapement.” 

914. — To sum up, then, under the conditions laid down by 
Berthoud, increase in the motive force occasions a gradually 
increasing loss on the rate with a dead-beat escapement ; 

There is a gradually diminishing loss with an escapement 
•of considerable recoil ; 

And, lastly, the rate remains invariable when the pallets 
have moderate recoil. 
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“ This last form of escapement renders the oscillations of 
the pendulum isochronous notwithstanding that both the motive- 
force and the arcs described are variable.” 

915. — F^til observes that Berthoud has concluded too much 
from his experiments and that, if he had caused the motive force- 
and the weight of the pendulum to vary in other proportions, 
he would probably have deduced other results which wore more 
favourable to the dead-beat escapement, and therefore less to the- 
advantage of the recoil. 

This remark is legitimate; had it occurred to Berthoud' 
himself he certainly would never have written, ‘‘ The dead-beat 
escapement, while being the worst for clocks actuated by a 
spring is assuredly not the best for watches,” and he would 
unquestionably have had some idea as to the proportions best 
suited to the dead-beat escapement. 

And yet he well knew, as is proved by the folio-wing 
extract from his work, what differences are occasioned in the 
rate by varying the motive force and the weight of pendulum 
concurrently. The latter changes modify the arcs of oscillation, 
and therefore the momentum of the regulator, in a ratio that 
nearly always differs very considerably from the rate of increase 
or decrease in the motive force. 

OB8KBTATIOK8 MAINIT CONCEKKTNO THE WEIGHT OF THE PENDOUTM. 

910. — “ In a clock provided with a dead-beat escapement, 
the more we diminish the weight of the pendulum bob and the 
arc of oscillation, the more will the clock lose on increasing the 
motive force. If a recoil escapement be used, while the bob is; 
too light as compared with the motive force, it will be found 
that on increasing this force, the oscillations of the pendulum 
are more rapid. « . . From these observations it follows 

that the character of any given escapement changes when the- 
momentum of the pendulum as compared with the motive force 
is modified. Thus the curved face that effects the recoil will 
not be the same in different types of clock ; it will bo essential 
to take account of the greater or less weight of the pendulum 
bob, the motive force, arc of oscillation, etc.” 

Berthoud’s instructions for making his isochronal pallets- 
will be given subsequently ; we would only observe, as bearing on 
the last remark, that every change in the weight of the bob 
must involve a corresponding alteration in the uniform action 
of the escapement, either at once or after a. definite interval of 
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time, through one of its principal conditions having been 
modified : the ratio of the length of the pallet-arm to that of the 
pendulum (assuming its virtual length, that is approximately 
the length of the corresponding simple pendulum, to remain 
invariable) remains practically the same, hut the resistance 
opposed to the impulse by this pendulum has been altered. 
We shall recur to this subject. 

nUNCiPLES THAT KEClIIiATB THE COVHTRDCTIOII OF DEAD-BEAT AKD BECOlIr 

CLOCK EACAPEMEKT8. 

917. — Wo consider it to be satisfactorily demonstrated in 
our new Theory that it is possible to fix upon a proportion between 
the length of pallet-arm and of pendulum that will render tho 
escapement insensible to variations in the motive force or very 
nearly so. 

But have we proceeded to conclude, as some watchmakers 
seem to think, that all escapement arms should have precisely 
this length ? 

Certainly not ; for not only would such a conclusion be 
beyond what we have actually proved ; it would be absolutely 
false. 

It is essential to take account of the greater pressure exerted 
on the pallets Avhen their arms are short and to modify the 
theoretical length in accordance with our knowledge of: 

(1) The inconvenience arising from this excess of pressure ; 

(2) The influence that it may have on the going of the 
escapement. 

Relation of length of Rsenpement arms to pressure. 

918. — Since friction is proportional to pressure (38), the 
friction on the pallets during the lift will be somewhat more harsh 
with short escapement arms; thus their faces will deteriorate 
more rapidly than with longer arms, all other proportions re- 
maining the same. 

It is necessary, moreover, to deviate more and more from 
the theoretical length, as the resistance of the materials to wear 
and distortion becomes less ; whether for instance, tempered hard, 
steel, hard steel or stones be used. The employment of highly 
polished stones enables us to approximate most nearly to it, except 
in such a case as that referred to in the following note. 

Remark . — Even if the pallets are provided with jewels it is 
at times necessary to somewhat increase the length of the escape- 
ment arms so as to avoid excessive pressure ; when this pressure 
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1 ) 660 X 068 such that the point of tho tooth drives the oil away 
from the acting surface of the impulse pallet, as though it were 
a sharp blade drawn perpendicularly along a hard oiled surface, 
the friction is the same as between unoiled surfaces ; for the oil 
is temporarily displaced, returning to its initial position after 
the passage of the blade. 

The elTect of tills pressure on the rate varies wltb the length 

of the pallet-arm. 

919, — We have considered the intensity of the pressure 
merely from the point of view of friction, having regard both to 
the preservation of the acting surfaces and the irregularities 
that their deterioration might involve ; it remains for us to 
investigate the effect different degrees of pressure on the lifting 
faces may have on the timing (employing the same lifting angle 
and a definite velocity of rotation of the escape-wheel); attention 
has, we believe, never previously been drawn to this point. 

The force exerted by the wheel against the impulse face 
(ignoring that which is due to the drop) is decomposed. We 
may consider it to bo divided into two parts, more or less 
unequal, and of these one is converted into friction and the other 
is available for increasing the movement of the moderator (358). 

Assuming a constant force to impel the wheel, the portion 
wasted in acting as a check on its velocity, or in other words 
in intensifying the friction, becomes greater as the weight of the 
bob is increased. On the other hand, when the bob is lighter, 
the pallet-arm will yield more readily on pressure being applied, 
so that the wheel acquires a greater velocity ; the intensity of 
friction is reduced, and all the force saved by this diminution is 
added to that employed in moving the moderator ; its arcs of 
oscillation increase but they at the same time become slower ; 
tho long arcs occupy a longer period than the short ones. 

930* — Those of our readers that wish for a theoretical 
demonstration of these facts can easily devise such an one with 
the help of the Elements of Mechanics collected at the begin- 
ning of this work, or given in the course of our Theory of 
escapements ; and they will thus be enabled to demonstrate the 
following curious and important propositions, dependent on the 
weight of the pendulum. 

PE0P09ITI0WS. 

A dead-beat escapement with concentric locking faces (the 
arms being of the theoretical length) will, if timed, give, with 
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the same virtual length of pendulum ( 1010 ) and an increased 
motive force : 

— A loss, if the pendulum-bob be made lighter, and a ^ain 
on the rate if the length of pallet-arm be diminished while the 
bob remains unaltered ; 

— A ffain^ if the weight of the pendulum-bob be increased, 
and a loss if the pallet-arm be lengthened without changing the 
weight of the bob. 

These results are very remarkable ; there are four distinct 
phenomena, two of wdiich are characterized by a loss whereas 
the other pair involve a gain, and we thus possess tivo modes of 
securing the maximum of uniformity. 

921. — With a dead-beat escapement, the long arcs lose on 
the shorter ones. 

The converse is the case with certain recoil escapements. 

It therefore follows that if the escapement discussed in 
article 920 were converted into a recoil escapement, it would 
give, on increasing the motive force : 

— Loss, if the bob be made heavier ; 

— Gain, in the contrary case. 

In other words precisely the converse of what occurs with 
a dead-beat escapement. 

Enough has been said to show how far advantage can be 
taken of these important properties by setting them one against 
the other, or combining them with a lifting angle of the most 
suitable extent ; a combination which should above all be effec- 
tive in rendering the escapement practically insensible to 
variations in the motive force, whether due to irregularity in 
the action of the motor or to thickening of oil. 

The liiftiiig arc and the Supplementary arc. 

Proportion between the lifting arc and the velocity of movement of the pendulum. 

922. — In order that the foregoing considerations may be 
true, it is absolutely necessary that the lift be effected with 
uniformity, that is to say in the manner secured by the plane 
we have termed the mean incline (224, 255). If any loss of 
time, slipping or jerking, etc., occur during the lift, the above 
phenomena may not be found to occur or they may even be 
reversed ; such a fact would indicate some error in the design 
or faulty construction. The choice of lifting angle is, there- 
fore, by no means a matter of indifference (072)> It must, 
in the first place, be such that the action of the tooth against 
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the impulse plane is accomplished with the least possible resolu- 
tion of the force applied, and in accordance with the conditions 
indicated in paragraph 272. 

— As to a law that would guide us in the selection of 
this lifting angle, in other words one that determines the 
angular measure of the impulse that should be communicated 
to the escapement arms, we look for one in vain in the best, 
works on clockmaking. They are silent on this subject, and 
usually content themselves with saying that the lift should be 
“ suitably proportioned,” which is self-evident, and might just 
as well have remained unsaid ; and they attempt to make up for- 
the absence of any rules by enumerating the proportions that 
have been found satisfactory by makers of repute. 

We are thus again face to face with a novel question.. 
With a view to be concise in our explanations on this point, we 
will at once summarize them in the manner we have already 
several times adopted. 

rnoposinoNs. 

For every pendulum (with a given motive force) : 

934. — F IRST. — The number of oscillations in a given time 
depends on its virtual length (Theory of the pendulum) ; 

935. — Second. — The angular velocity varies in a certain 
proportion, inversely with the mass ; 

936. — Third. — The lifting angle depends on this angular 
velocity. 

To take an example : 

937. — Consider a pendulum beating seconds and oscillating 
through an arc of 4° (cj, fig. 60), imdcr the influence of a given 
motive force. 

Retaining ever}’^thing else, including the virtual length, 
etc., the same, double the weight of the bob. 

From the law that w/ien a given force acts on different mobiles 
they move with velocities that are inversely as their masses, it follows 
that the new pendulum will still beat seconds, but it will only 
have a path of about half the amount. The angular velocity 
will, then, be diminished in this proportion.* 

. But, owing to this reduction in the velocity with which the 
impulse arm is displaced, the escape-wheel is unable to acquire 
the requisite angular velocity, in other words a velocity such that 

* We are here coniiderinp; a particular caie in order to make clear one aspect of 
the quciiion ; but the reader muit not generalise from it, as ke would then fall into- 
•erious errors ( 099 ). 
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the impulse it communicates is sensibly the same, except by being" 
made to act against a plane of greater inclination ; that is to say, 
unless the angle of the lifting face be diminished in a certain 
proportion according as the weight of the bob is increased (930). 

928. — Let us revert to the first pendulum (a c, fig. 60), which 
described an oscillation of 4° in a second, and assume the bob tO" 
be transferred from c to o, that is to the point at which the pen- 
dulum would beat two oscillations in a second. 

The mass remains the same but it is now set at the extremity 
of a lever-arm that has only one-quarter the length ; it is, then, 
impelled by a force that is relatively four times as great, and, 
assuming everything else to remain the same, this mass should 
acquire in the same period, an angular velocity that isfourtimesaa 
great, in virtue of the law of the proportionality of force to velocity 
(ISO) ; this would give for the short pendulum under consideration 



Figr. 60 . 

an angular movement of slightly less than 8® per half-second 
(the paths traversed in the same time, c z and o s, or c J and 2 os, 
being equal). 

The inertia of the escape-wheel prevents it from suddenly 
acquiring such a velocity as would ensure its following the 
pallet and pressing against it; the wheel, moreover, cannot 
maintain the motion of the pendulum unless the lifting angle is- 
increased in the same proportion as the velocity of the pendulum 
bob is augmented; for otherwise the impulse arm would be 
deprived of the action of the wheel in consequence of the velocity 
with which it moves, and there would only be a slight impulse 
and possibly, even, none at all. 

929. — The complete solution of the problems we have just 
considered in an elementary manner is very complicated, in- 
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volving the use of high mathematics ; we have therefore been 
content to obtain approximations that are more or less near to 
the actual value ; to explain merely such of the leading theo- 
retical data as are needful as a guide to the experimental method ; 
a method that will, at the present day, enable us to quickly 
arrive at definite results. 

930. — In order to facilitate the explanation, we have as- 
-sumed the lifting action to remain the same notwithstanding 
that the angular movement varied ; but it is necessary to draw 
attention to a fact that must not be forgotten, namely that the 
energy of the lifting action depends on the rapidity of the 
angular movement, and, therefore, on the form of the surfaces 
which, by acting on each other, produce the lift (273). 

931. — While being perfectly regular, the lift should depend 
on the velocity with which the free pendulum returns to its 
position of rest, when moved from the vertical through an 
angular distance equal to the arc of oscillation ; and the motion 
must be accelerated without any sudden pressure. The regularity 
will be the better assured according as the constant and uniform 
action of gravity is less interfered with. 

The supplementary arc. 

933. — ^It seems so evident as not to require demonstration 
that the lifting arc and supplementary arc are correlated, and 
that their relative extent should vary : 

(1) With every change in the motive force ; 

(2) With every alteration in the height of the impulse 
plane (depending on the interval between the teeth of the 
escape-wheel) or in its inclination (004). 

In both cases the ratio between the energy of impulse and 
the friction on the locking faces may become more or less 
advantageous, but its influence will certainly alter and the 
nature of the change must be determined by experiment. 

933. — Speaking generally, it is advisable that the supple- 
mentary arc be very limited (it is made about half the lifting arc, 
and usually even less), because it is more sensitive than the 
other portion of the oscillation to changes in the condition of oil, 
and an increase in its extent corresponds to a mueh more rapid 
increase in the impelling force.* When the motive force is 

• This is the converse of what we have found to be true of watches. For that 
case is different since the action of gravity is eliminated and the balance-spring enables 
us to vary the velocity of the moderator and make its long and abort arcs of vibration 
^sensibly isochronal. 
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variable, any accidental excess in the supplementary arc may be 
prevented by giving a slight recoil, more especially during the 
movement beyond the normal supplementary arc, as is done by 
some makers of pin escapements. 

General Practical Rule. 

034. — ^We will terminate this summary, which will be 
found sufficient by a reader who is thoroughly acquainted with 
the principles set forth in the Introduction to the study of 
Escapements and in our several Propositions, by the following 
advice : 

It is possible to determine whether the several parts 
constituting the escapement bear tlie best proportions to one 
another or approximate thereto, by observing the two following 
features, occasionally separate but very frequently existing 
together : 

(1) The extent of the arcs of oscillation remains constant, 
or very nearly so, with a variable motive force ; the mainspring 
being cither fully wound up or nearly run down. 

(2) The isochronism of the oscillations is maintained or 
only suffers very slight disturbance however the motive force 
be modified ; a circumstance that may be verified by comparing 
the clock during equal times with a regulator beating seconds. 

Equality in the extent of the arcs does not necessarily 
imply that they are isochronal. The isochronism is, moreover, 
more or less modified by the nature of the suspension, as we 
shall subsequently show (9*9). 

ESCAPRmE.lTTS OF CLOCKS AIV1» TIREPIECE.S. 

Verge Rscapement. 

935. — The verge escapement is used at the present day in 
timepieces that are known as Comtoises and in them has given 
excellent results. It is also met with in many old clocks. 

The recoil becomes less inconvenient as the opening of the 
pallets is reduced; it thus happens that in well-made Comte 
clocks, driven by a weight and having a long pendulum rod 
that possesses a certain degree of flexibility, the influence of the 
recoil is inappreciable. 

Considering their facility of manufacture and moderate 
price, these clocks, of which nearly 100,000 are made annually, 
constitute an industry that deserves to be encouraged. Although 
little care is taken in their construction, they give results that 
are very satisfactory for ordinary purposes. They appeal, more- 
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over, to a class of purchasers that require a substantial me- 
-chanism which can bo repaired at moderate cost. 

980. — The maker who is desirous of possessing a thorough 
knowledge of the verge escapement should select, from the 
chapters between pages 54 and 93, whatever is applicable to 
■clocks. Mainly in article 163 will ho find the leading data, and 
they are corroborated or corrected (if necessary) by the following: 

Average lifting arc, from 5“ to 7" ; 

Supplementary arc, from 4“ to 6® (2° to 3“ beyond cither side 
of the lifting arc); hence the total oscillation is between 10® 
und 15°; 

Weight of pendulum, from 135 to 150 grms. (4 to 4 ^ 
ounces); length about 95 cm. (37 ins.). 

Length of pallets, about 13 mm. (0'5 in.). Opening 
between 50® and 60®. 

Driving weight (from 8 to 9 lbs. for an 8-day clock) in- 
ereases with the period the clock goes. Avoid excessive pres 
sure since it makes the rate irregular. 

It must be observed that these experimental data are in no 
aense absolute ; they are only approximate guides to serve as 
starting points in attempting to ascertain the most advantageous 
proportions. 

937. — A maker desirous of securing the best possible 
arrangement of this escapement would do well to know, either 
from notes previously taken on the performance of clocks 
throughout a long period, or from a study of the experimental 
data collected by various practical men, by about how much 
the arc of oscillation diminishes in an average period, say of 4 or 
■6 years. Carefully conducted experiments, in which similar 
variations in the arc of oscillation are effected by modifying the 
motive force, while at the same time the lifting arc is altered 
within moderate limits, as well as the length of pallets and the 
weight of bob, would enable him to plan the whole satisfactorily. 

It is especially important to remember that this escape- 
ment does not do with a very great motive force, a rigid 
pendulum rod or a heavy bob. When the motive force is 
considerable and the rod inflexible, tlie friction during recoil 
becomes very harsh; a heavy bob requires long pallets and 
these must be pitched shallow, the arc of oscillation is much 
reduced and very great accuracy in the action of the escape- 
ment becomes essential. The making of the escapement thus 
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^comes as delicate as that of one of the better class, -while it can 
never by any possibility give such good results. It seems need- 
less to insist on this point ; the question is now finally settled. 

KBCOIL AKCnOB ESCArEMKIKTS. 

938. — The first anchor escapement appears to have been 
invented in 1680, by Clement, a London clockmaker. At any 
rate most authors give him the credit of it, but it has been 
■claimed by Hooke. 

In these early forms there was a recoil with each pallet, and 
the locking faces had certain curvatures which should, accord- 
ing to Saurin, be very approximately envelopes of circles (004). 
Their form has been somewhat modified : they are still made to 
produce a recoil with both pallets, but with the difference that the 
locking face of one is curved while that of the other is straight. 

Lastly, escapements are also made which give a dead-beat 
on one pallet and recoil on the other, which from this circum- 
.stance are termed half dead-beat or half -recoil escapements. 

We will first describe the isochronal escapement of F. Ber- 
thoud, already referred to in the account of his experiments (913). 

Isocliroual anchor escapement of Itcrtliouil. 

039. — First draw the arcs c, ^ r, d t, and/^» (fig. 10, plate 
XII.) as if for an anchor with concentric locking faces. Then, 
in order to determine the curves that produce the requisite recoil, 
take the interval s h (the width of the pallet) and mark it off 
three times along the arc h f. Through the points a, 3, draw 
the line a h. From the point 3 measure off the distance 3 h, 
<5qual to « ^ ; from h as a centre with the distance ^ a as radius, 
■draw a circular arc, and from the centre h -with the same radius 
draw another arc, cutting each other at the point w. This gives 
the centre for the locking face h I, which can now bo drawn, of 
eoursc using the same radius b a. 

Proceed in the same manner to determine the points K and 
n for the inner face of the other pallet ; the mode of procedure 
will be easily gathered from the figure. 

It should be noticed that any change in the size of wheel 
or the number of teeth -will render afresh drawing necessary, etc. 

This escapement has rarely been employed. 

Ordinary recoil anchor escapement. 

940. — Figures 3 and 5 of plate XII. give the two forms of 
recoil escapement that are most usually met with. The second 
of these is generally kno-wn as the small recoil anchor and the 
first is termed a gable anchor. Such escapements are only used 
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in the cheaper class of clocks for they can be made with ease by 
ordinary workmen. The first is employed in conjunction with 
either a silk or spring suspension, and the pendulum weighs from 
15 to 30 grammes (0-5 to 1 ounce) with silk, and 30 to 70 
grammes (1 to 2*3 ounces) with a spring; the second form has a 
spring suspension and a pendulum that is relatively heavier. 

With a view to help those who may have occasion to re- 
make or repair such forms of escapement, we will indicate the 
methods adopted in the Paris factories. 

941. — To dr mo the small recoil anchor. — It is first necessary 
to ascertain the distance between the centres of the anchor and 
wheel if not already knoAvm, and the following is the mode of 
proceeding to determine it (fig. 5, plate XII.): 

Draw on a brass plate the circumference of the wheel c It g. 
Mark off the distance c g between the points of teeth included 
within the pallets, inci'cased by one ; say 6 (946). Through 
the extremities of the radii l <?, L draw two perpendiculars, 
and their intersection e will give the required centre. A fine 
hole should be drilled at it. 

From the point e with a radius E c draw the circumfercnc^es 
nc gb and asd, the latter accurately bisecting the space between 
two teeth. Draw the lines e y, E y, passing through the points of 
the teeth that lie on the circle nc gb \ then draw the lines e x, E x' , 
forming with the two first the lifting angle (usually 5" or 6"). 

Through a and c, the points where the two lines limiting 
the lift intersect the circles, draw c a i b which determines the 
internal face of the disengaging pallet, and cn is its external face. 

Similarly, by joining the points g, s, we obtain the impulse 
face of the engaging pallet; this should be continuous with the 
curved recoil face g h, which is to be drawn so that the angle of 
recoil, m g h, is equal to y a i. A slight excess of metal should 
be left, to be removed if, after trying the escapement in position, 
there is found to be no danger of a tooth touching the plane a 
during recoil on the other pallet. 

The internal face s d of the engaging pallet may be straight 
or concave, for it is only necessary to avoid its coming in contact 
with a tooth. 

943. — Another mode of tracing the calliper. — In practice a still 
more expeditious means of making the drawing may be resorted 
to. On the surface of a piece of steel from which the anchor is 
to be formed draw a straight line, and on this mark points 
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corresponding to c and y, indicating the distance from the first 
to the sixth tooth. The centre of the anchor will be set at a 
distance equal to one-third oi c g above this line, and at equal 
distances from c and g. 

After having drilled a hole at this centre, describe the 
circle ncgmh, taking e c as a radius: divide the upper semi- 
circle into six equal parts and join 5 and c. Then draw the 
second circle, vasd, accurately bisecting the interval between 
the points of two consecutive teeth. Mark ofF the distance m h 
equal to v i (many makers do not even measure it, but estimate 
the dimensions by the eye), and we now have all the necessary 
proportions, so that we can easily cut the anchor by their aid. 

943 . — To make the anclm and set it in adjustment . — The steel 
having been carefully prepared and the axis properly fitted in a 
central hole, the several lines that are necessary are drawn on 
the surface of the metal, and it is formed to the required shape 
but without removing quite all the metal along the line « d. 

1 he anchor is then made to engage with the escape-wheel in 
the depthing tool as is done in the case of watch escapements : 
when a tooth rests at g there should be the least possible freedom 
between the tooth c and the face c n. With a tooth resting at c, 
the fifth tooth to the right should not engage at all with the face 
s d, or it should only just do so, in order that it may be possible 
to make up for any possible distortion of the pallets in harden- 
ing ; the anchor is now hardened, and the freedom at s is ad- 
justed when smoothing the face sd -, it is then finished, being 
tried on the depthing tool until found to be correct ( 944 ). 

Those who do not possess a depthing tool of large dimen- 
sions can adopt the following plan, which is much used by 
escapement makers engaged on common work. It is not very 
exact, but may do in the absence of a better means. 

The axis of the wheel is driven into a piece of cardboard, 
and, at distances approximately equal to the interval between 
the two centres, a number of holes are made of the same diameter 
as the axis of the anchor. Having set the wheel in position, 
the anchor is successively centred in different holes until one is 
found with which the action of the escapement is possible; 
then proceed as in verifying on the depthing tool, modifying 
the shape of the anchor as required. 

Such a method may be resorted to in an emergency, but it 
would be better to mount the anchor (on its axis) in a sliding 

35 
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frame so that it can be brought to and from the wheel by a 
definite amount. 

In hardening, the anchor should be introduced into the 
liquid with its back downwards, as the pallets have been 
obseiwed to open out least when this precaution is taken. All 
qualities of steel are not equally distorted ; a fact which the 
escapement maker should bear in mind. 

944 . — Obsekvations : First. — The two recoils should bo 
equal, or, at least, they ought to occur in the manner that is 
most favourable to the movement of the pendulum ; it follows, 
then, that a relation should exist between the inclination oi cai 
(fig. 5, plate XII.) and the curve g k, and that whenever one is 
modified the other should be altered in a corresponding manner. 
It is manifest that, under the conditions that actually occur, 
and with the methods commonly employed at the present day, 
the mere mechanical imperfections of the work would be suffi- 
cient to render all exact determinations of the most advantage- 
ous recoil useless. Wlienever they do happen to be well propor- 
tioned it is accidental ; for we must again point out that the exact 
equality of these recoils is of less importance than equality of the 
lifts, and, in this class of escapement, these are nearly always very 
unequal as regards the impulse they transmit to the pendulum. 

945 . — Second. — The lift here measures from 5® to 6® ; the 
reader will remember that it depends on the length and weight 
of the pendulum. (See the chapter summarizing the experimental 
data, articles 1010 to 1013 .) 

946 . — TMrd. — In tracing the form of the anchor, we have 
taken as a basis of measurement the distance between the point 
of one tooth and that of the sixth from it ; this datum is suited 
to the tliree and a quarter inch movement, provided with a 
pendulum measuring 8 inches in length and a wheel of 34 teeth 
about 0'8 inch in diameter. 

If the wheel be larger or smaller, of a different number of 
teeth, with a shorter or longer pendulum, it will of course be 
understood that the number of teeth covered by the anchor must 
be altered, in order that a proper proportion may exist between 
the length of the pallet arms and pendulum (see the chapter 
commencing with article 1019 ). 

Recoil escapement with triangular or gable anchor. 

947 . — With this class of anchor, employed in conjunction 
with a spring suspension and a somewhat heavy pendulum (from 
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5 to 10 ounces), the friction on the recoil faces is considerable and 
they generally wear rapidly. The irregularity resulting from this 
friction, which gradually becomes more and more harsh and vari- 
able, is the more marked as the escapement arms are made longer. 

Clocktoakers hare at the present day abandoned the gable 
anchor in favour of the English form or that known as the 
Brocot anchor. Nevertheless we will indicate the mode of 
procedure, as they are at times called upon to make it. 

948 . — To draw the recoil gable anchor . — Figure 3 of plate 
XII. shows the form most generally in use. The anchor usually 
covers 10 teeth, or, rather, 11, counting from the beginning to 
the end of the two impulses (for a wheel 0‘8 inch in diameter, 
with 34 teeth and a pendulum measuring about 8 inches. — See 
^46, 2nd paragraph). 

Ascertain the distance between d the centre of the anchor 
and m that of the wheel (941). It is in the present case about 
1‘8 times the radius of the wheel. This amount is to be 
increased or diminished, according as it is desired to reduce or 
augment the extent of oscillation of the pendulum. 

Knowing the distance between these centres, describe the 
circle b g, with such a radius that it passes through the points of 
one tooth, a, and of the eleventh from it, o. Then describe a 
second circle, b' g, passing exactly through the middle of the 
.space between the tenth and eleventh teeth. 

Draw linos indicating the lift as in the former case ; this 
generally measures about 4 ® (945). The impulse faces are deter- 
mined by the intersections of these lines with the circles b g, b'g’. 

The prolongation of a c above the circle b' g' determines the 
recoil face of the disengaging pallet ; and, in order to obtain an 
equal recoil on the engaging pallet, the impulse face must be con- 
tinued by a curve described with the radius of the wheel, in such 
a direction thot the angle n o g is equal to the angle b ac (944). 

Clockmakers as a rule do not take so much trouble in the 
matter ; they fix upon the curve by the eye without paying 
much attention to the equality of recoil (correcting for the dis- 
tortion in hardening). 

If the anchor opens too much in the hardening (943)* it 
may be slightly closed by screwing the two arms together, the 
body being at the same time let down to a bluish-grey ; but this 
must be done with care, and the body should have been pre- 
viously blued and re-polished. 
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949. — Details relating to a gable anchor escapement — The es- 
capement in question maintained its rate well (for ordinary 
purposes), and did not show any signs of wear after going for 
several years ; its mainspring was soft and pliable. 

Diameter of the movement, 82 millimetres (3*23 inches); 
spring suspension. 

Diameter of wheel, 20 mm. (0'8 ins.), — 37 teeth. 

Anchor covered 8 teeth ; lift, 3° ; supplementary arc, 1". 

Total arc, about 5° ; varied slightly as the spring was more 
or less wound up. 

Pendulum: Weight, 185 grammes (about 6.8 ounces). — 
Virtual length (1016), 164 mm. (6*45 ins.). 

The length of escapement arm compared with 
The weight of pendulum is : : 1 : 1 7, 

(using French measures, the millimetre and gramme). 

And with the virtual length :: 1 : 15. 

Enslisb recoil anchor escapement. 

950. — We are not aware why this form of anchor (fig. 11^ 
plate XII.) is termed English, for we are informed that it is not 
employed in England. 

It is nothing more than the old gable anchor shortened, so 
as to cover a less number of teeth; a change which renders 
necessary an alteration in the original form and a reduction in 
the weight of the pendulum. 

This escapement is usually provided with a spring 
suspension, a pendulum weighing from 2^ to 7 ounces (1016) 
and a mean lift of from 4® to 5° (945). 

951. — To draw the calliper of the English anchor. — It is usual 
to proceed in the same manner as when drawing the recoil 
anchors already discussed (941) with the following modifications : 
the larger circle usually includes 9 teeth ; after dividing the' 
semicircle a 7 into 7 equal parts, the inclination of a rf is given 
by joining the points a, 5 ; and the recoil face i c should project 
slightly beyond the line x z. 

To conclude, this drawing is, like those which precede it, 
only intended as a means of facilitating the work of making the 
anchor of approximately correct form ; it is always necessary, 
when exact workmanship is required, to verify the lifts, recoils, 
etc., on the depthing tool and in the manner explained for watch 
escapements (943 to 949 ). 

95S. — Many makers prefer that the face i c she perfectly 
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^straight, but they give no reason for this except that the labour is 
thereby reduced. This form, as usually made, diminishes the 
energy of the drop, but it at the same time increases the harsh- 
ness of the recoil. 

/ 

Roze’s recoil anchor escapement. 

D55J. — The anchor of this escapement, which is made in 
accordance with the calculations of M. Roze senior, differs 
materially from those hitherto considered, especially as regards 
the form of its impulse faces, which, instead of being plane, 
have a pro-determined curvature (fig. 7, plate XII.). 

M. Roze* has, with the assistance of his son, completed 
his work by proposing a calliper that enables us to form these 
•curves with great facility ; avoiding the difficulties that have 
brought about the failure of most attempts at making the im- 
pulse faces curved. 

With a 30-tooth wheel the anchor covers 4^ spaces between 
the tangents ; that is to say, the points of six teeth coimting from 
the beginning to the end of the double lift. 

The radii of the locking faces o c, o c' are equal. 

054. — The Liit. — The lifting angle is 2°. 

Datum . — The lift is progressive ; that is to say, half the total 
movement of a tooth during a lift corresponds to §rds of a 
degree (40') motion of the anchor, and the other half causes a 
movement of 1^ degree (1®20'). 

This progression is intended to enable the motive force to 
overcome with greater ease the resistance due to the inertia of 
the train at the commencement of the lift, and to reduce the 
-energy of the impact on the locking faces to a minimum. 

We cannot here enter into the requisite theoretical consider- 
ations, as they would take us beyond our limits, and we will 
■only say, in explanation of the mode in which the progression 
here referred to satisfies the required conditions, that attention 
should be paid to the variable velocity of the pendulum. The 
calculation allows for an angle of O’S® to be added to the 
angular path of the wheel on account of the thickness of the 
tooth, inequalities, thickening of oil, etc. ; and for another 
angle of 1®, added to the lift, in order to ensure certainty of action 

* A. C. "RozS, who died in 1862 at the age of 50 years, was one of the rery few 
eminent horologists that hare realized the fact that theory and experiment must always 
be associated ; and that, in our day, no true progress can be made without consideraUe 
•theoretical knowledge. His labours, which were unfortunately interrupted by a sudden 
•death when his talent was at its best, are considered in an article that was published 
in the Mevue Chronotkitrique. 
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and proper pitching with the locking faces. This angle of 1*, ia 
addition to the 2® of lift, gives 3® for the lifting arc of the pendu- 
lum. No account has, however, been taken of the distortion of the 
armsof the anchor that frequently occurs during hardening (943). 

955. — We would observe that in forming the pallets as 
here explained, there is sometimes danger of the teeth being 
damaged after an exact relation has been established between 
the anchor and pendulum, especially as regards the engaging 
pallet. Such an accident is avoided by increasing the lift or 
by lengthening the pallet-arm so as to make the pressure less 
perpendicular to the tooth, or else by using a movable anchor 
that is held on its axis by stiff friction. 

956. — The Recoil. — This escapement can, as is shown in 
fig. 7 (plate XII.), be made either dead-beat, ',u o' «, or with recoil, 
d o c. We shall only here consider the second form. 

Theoretical Datum. — The successive angles that measure the 
recoil of the wheel are proportional to the square of the ampli- 
tude of the oscillations ; that is to say, they follow the same 
law of progression as the periods, "with varying arcs of oscilla- 
tion (see the article on the Pendulum). 

Practical Datum. — If the pendulum made a supplementary 
arc of 22® on one side, the wheel would recoil through a distance 
equal to half the interval between two teeth. 

These recoils differ from those advocated by Berthoud 
(939), for with his the increase in the recoil of the wheel for a 
given increase in the supplementary arc becomes gradually less 
as this arc becomes greater, whereas here the converse is the case. 

957. — Tables of the dimensions of this escapement. — By 
employing a series of tables calculated by M. Roze and giving 
the exact dimensions of the anchor when the number of teeth of 
the wheel is known, it becomes an easy matter to draw the 
calliper of the anchor and to make it accurately. 

We give the table for a wheel of 30 teeth, with the anchor 
covering 4| spaces between the tangents. 

Lift 2®; minimum amplitude of the lifting arc of the 
pendulum, 3®. 

The radius of the wheel is taken as a unit of measurement. 

Radius of the wheel = 1-0000 a e = 0-2404 

Distance between centres = 1-1223 b c = 0-4133 

A B = 0*6604 o c = o c' = 0-5095 

A o = 0*6609 o B 0 H = 0-6054 

B 0 = 0*6801 0 D = 0-413r 
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(a F = 0-28.32 
Disengaging < o f = O-.SOOG 


Bacoils. 


|B H = 0-G450 
'»o II = 0-6054 


Engaging!; 

( F o' = 0-209G 

The engaging recoil face, strictly speaking, should be con- 
cave, having a radius of curvature equal to 5-2454. It will bo 
evident that we err very little from the truth if we make it 
straight. 

MeasBmncnts for yerification. 

c O' = 0-9120 D o' = 0-8178 

DF, — 0-9038 I) e — 0-0981 

c K 0-98.S0 c E r- 0-0987 


These last figures are very useful for testing the accuracy 
of the several dimensions, eitlu-r during the progress of the work 
or after completing and hardening the anchor. 

05N. — To (Irato the calliper of the anchor. — On a specially 
prepared plate draw the line a b (fig. 7). Then point and drill 
holes at A and B, their distance apart being given by the table. 

From these points with the radii a o, b o, determine tho 
centres o and o' of the two anchors, and drill holes at these points. 

From tho same centres A and b, and with radii A E, b d, 
describe the circumferences that determine the impulse faces of 
the pallets. 

Koav from tho centre o' describe, with the three radii o D, 
o (', o E, the arcs that fi.x the thickness of the pullet-arms in tho 
deatl-l)eat escapement, and its calliper will then be complete. 

To form a recoil escapement, it -will be necessaiy to: 

Describe Dvo intersecting arcs from the points A and o as 
centres, Avith radii a f, o f, and from f, where they cross, 
with the radius F c' draw the circumference that determines the 
disengaging recoil face. 

Then with B as a centre, at a distance B h describe a 
circular arc ; its intersection with another arc draivn from tho 
point o, at a distance o f (equal to o e), gives the point h, which 
is joined by a straight line with c. 

959. — It will be seen that nearly the entire calliper is 
formed of circular arcs ; it is therefore of very great importance 
that they be drawn accurately, and this can be done without 
much difficulty if the following precautions are taken. After 
approximately setting the opening of the compass to the re- 
quired amount, draw on a spare piece of metal, with a hole 
equal to that in the calliper for a centre, two arcs opposite to 
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each other, and then ascertain, by measuring the space between 
them, whetlier it is exactly double of the required radius, as 
given in the table. 

960 .— A simple inspection of the figure will show that this 
system of anchors can, with the help of M. Roze’s tables, be 
made by machinery with very great accuracy. Thanks to the 
economy of force effected by using concave impulse faces, accu- 
rately formed, M. Rozc has been enabled, by employing springs 
that admitted of a greater number of turns in the winding up, 
to make ordinary timc 2 )icce movements go for a month that are 
usually only expected to go for sixteen or eighteen days. 

961 • — Principal dimensions of a Rozc escapement — that main- 
tained a uniform rate for a long ])criod. 

Diameter of movement, 4 inches (with centre seconds) ; 
going for one month. 

Diameter of escape-wheel, 22 millimetres (0'86G ins.), — 30 
teeth. 

Anchor covered spaces. — Lift, 2". — Mean supplementary 

arc, 2'^ 30'. 

Total arc, 4" when the sjmng is nearly run down, becoming 
6® degrees when wound up. (The sus 2 >cnsion rendered the vibra- 
tions isochronal.) 

Pendulum : weight, 940 grammes (33 ounces). — Virtual 
length, 248 mm. (9'8 inches). 

Ratio of length of escapement arm : 

To weight of pendulum : : 1 : 170 

(comparing millimetres and grammes). 

And to virtual length :;1: 45 

Half Head-beat anchor escnpemeiit. 

962 . — What is known as the half dead-beat or the half -recoil 
anchor, from the fact that recoil only occurs against one of the 
pallet arms, the wheel resting on the other arm against a locking 
face concentric with the pallet axis, is similar to the anchor shown 
in figure 5 (plate XII.), except that the excentric curve y 4 is 
replaced by a circular arc p m. 

Figure 9 of the same plate represents an escapement of this 
class. 

963 . — To draw the calliper of a half dead-beat anchor. — The 
calliper is drawn as in the case of a recoil escapement. 
( 941 - 2 ), the only differences being, as will be seen by an ex- 
amination of this figure, that : (1) the engaging pallet, as already 
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stated, has a circular locking face c d, against wliich the tooth 
rests without recoil ; (2) the wheel is inverted, that is to say acts 
with the straight faces of the teeth. 

Recoil on a single face has an eJEPect equivalent to half the 
amount of recoil on each of the two pallets. As the total recoil 
must only be of slight amount, there is some difficulty, owing 
to the methods of construction usually adopted, in preventing 
its being either excessive or zero on one at least of the two 
arms when botli occasion recoil; it therefore becomes much 
easier to adjust Avhen only caused by a single straight plane. 

Two points require to be exactly proportioned, the weight 
of the pendulum bob and the angle of lift ; for the degree of 
inclination of the recoil face, a 5, is dependent on this lift (which 
usually measures 5“ or G“). A few trials made with care will 
enable a manufacturer, who is thoroughly cognizant with the 
laws of our new theory, to determine the most suitable propor- 
tions (9i:— 035). 

004. — Very good results for ordinary purposes have been 
secured with tliis escapement, and it was much used at the time 
when silk suspension was in favour, since it requires the suspension 
to be very pliable ; but theone is gradually dying out with theother. 

The causes that have brought about this disuse, in addition 
to those already indicated, are : The escapement can only with 
great difficulty be made of large dimensions so as to be used 
with a spring suspension and heavy pendulum ; it needs rather 
more care in construction as well as greater exactness in its 
several proportions. 

065. —Detailed proportions of a half dead-beat escapement , — 
{Rate very satisfactory for ordinary purposes. — Clock made by 
M. H. Robert.) 

Diameter of movement, 80 mm. (3 ’2 ins.). 

„ of the wheel, 18-5 mm. (0’73 in.), — 37 teeth. 

Anchor covered 4^ teeth ; the circle ahe includes the points 
■of 5 teeth ; lift 0“. — Supplementary arc on either side, 1®'5. 

Total arc, 9® ; — varies slightly as the mainspring runs down. 

Pendulum. — Weight, 17 grammes (just over ^ an ounce). 
Virtual length, 164 mm. (6*46 ins.). 

The ratio of the length of pallet arm is to: 

Weight of pendulum about ... ... : : 1 : 4’5 

(comparing millimetres and grammes) 

and to the virtual length of the pendulum : : 1 : 42. 
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Roller anchor or llroeot eocnpciiiciil. 

OftO, The plan of this escapement, invciifcd hy MM. 

Urocot, is slio'wn in figure 01. 

Tlie settina: or anchor proper is made of brass, and two- 
rollers project from it, bciiiff let in at E a and k n. They are 
cut away to half their thickness. The locking takes ])lace when 
a tooth rests against the highest point of the semi-eircidar face 
of the roller, for instance atN, and the impulse is occasioned by 
the pressure exerted by the extremity of the tooth against tlu' 
inner portion, N E, of the curved face of the roller, when in 
motion from the axis of tlu' wheel. 

As was observed by M. Redier, who published a discussion 
of this escapement in the Revue Chroiirmclriiiuc, tliose who are 
anxious to criticise complain that in it the lockings are 
untangential and the recoil and lift irregular. 

There would be some point in these ol)joctions if the escape- 
ment were proposed for use in astronomical clocks ; T)ut no one, 
so far as we are aware, ever suggested that it should serve so 
dignified a purpose. 

Although it has one really Aveak point, namely a loss of 
force occasioned by the accelerated mov(‘inent of the Avheel 
towards the conclusion of the lift, this es<‘apemcnt has com- 
pen-sating advantages in presenting nodifficulties of construction ; 
however little care is devoted to its construction, tlu' oil is retained 
on the acting surfaces ; it is v('ry easy to guarantei' its lasting by 
making the rollers of .some hard stone ; and, finally, its (extensive 
adoption for a good many years past proves that, if mad(^ Avith 
intelligence, it Avill give results that are perfectly satisfactory foi- 
ordinary purjKises. 

067. — I'o draw the calliper of the Broeot cscaprmonf. — Assume 
the number of teeth of the wheel, as well as the number covered 
by the anchor to be known ; let, for example, the wheel have 
30 teeth, and the anchor include 10| teeth between the two 
locking faces, or 11 if we count from the beginning of one lift 
to the conclusion of that which succeeds. 

Draw the circumference of the wheel. Mark on it the 
positions of three teeth, namely ; a first, x ; a second, the next 
to its right, N ; and, lastly, a tWd tooth, B, the 11th to the left, 
counting from N incliisive. 

Draw the radius o B through the point B, and another 
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radius o e through the middle of x n. The intersection of 
latter with the circumference gives the position of the centre of 
the roller or pallet. Mark this point and describe the half-circle 
of the roller, taking as a radius half the interval between the 
points of two successive teeth. 

Now mark the point e on the straight face of the half 
roller. The distance between this point and the edge is rather 
less than half the radius, or something under one quarter of the: 


/ 

M 

■I 


I 

/ 

7 




Fi?. Cl. 

maximum thickness of the roller ; with the radius o e describe a 
second circle die. The portion of the roller that overlaps this 
new circle gives a measure of the displacement of the pendulum 
during the supplementary arc on one side. 

At the points d, e, where the circumference die intersects 
the two radii o d, o e, erect the perpendiculars d u, e s ; the point 
J where they meet is the centre of movement of the anchor. 

The second roller still remains to be drawn j but this is easy,. 
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since it is only necessary to take a radius equal to hall the distance 
between two teeth and describe a semicircle with a centre on 
o R prolonged, such that the roller b ii b is tangential to the 
circumference of the wheel. 

All the proportions being now known, the anchor can be 
roughed out ; some adopt the form indicated in the figure, while 
others make it like an ordinary Graham anchor. (The con- 
cluding observation of article 090 is applicable to IIh'sc rolliTs.) 

908 . — It will be noticed that the tangents which fix the 
centre of the anchor are not drawn from the ])oints of teeth, 
because the part of the tooth that rests against the roller is vari- 
able, gradually monng from the extremity towards the centre 
of the wheel through a distance measured by the supplementary 
arc ; the resting point of the tooth thus coincides succes-sivcly 
with a series of concentric circles. We have selected the circle 
D I E as a moan value, and it corre.sponds to half the path of the 

anchor while performing the supplementary arc, countiuer both 
oscillations. 

If it be desired to prevent sensible recoil during the supple- 
mentary arc, the front faces of the teeth must be slightly inclined ; 
their projections d, r, etc., should be tangential to a circle d r 
having the same radius as the roller. 


969 .— By forming the curved surfaces of the rollers against 
which the locking occurs of certain definite forms, it would be 
possible to make the escapement strictly dead-beat ; but we do 
not believe there would be much advantage gained by doing so, 
for it would then come to be a dead-beat escapement with 
relatively long arms. We feel convinced that the slight recoil 
can be made of service in timing; and, even if this be disputed 
It must be remembered that in a carefully made escapement it 
is quite negligeable as a cause of wear. 

directed towards the centre of 
fhe wheel the recoil will only be, approximately: 

For 1® of supplementary arc on either side, 0®‘2 

” Z ” ” » 

” , »> » „ 0 ®- 9 . 

Details of a JBvocot E^capemeut^ — going well. 

Diameter of movement, 105 mm. (4-13 ins.). 

Diameter of escape- wheel, 20 mm. (0-79 in.),— 80 teeth. 

Anchor covered 10| teeth between the tangents. 

Lift, 3®. Supplementary arc on each side, about 2®. 
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Total arc, 7”, — varying as the spring runs down. 

Pendulum: weight, 600 grms. (17'6 oz.). Virtual length, 
248 mm. (9‘76 ins.). 

Length of escapement arm, about 17‘5 mm. (0-69 in.), is to : 

The weight of pendulum ... ... : : 1 : 28 

(comparing millimetres and grammes) 
and to tlie virtual length of pendulum : : 1 : 14. 

Recoil Rrocot escapement with two wheels. 

971 . — This escapement (fig. 2, plate XII.) is so arranged 
that it can be made dead-beat or have varying degrees of 
recoil. It appears to have been made as a 2 )ractical solution 
of the problem of introducing recoil into dead-beat escape- 
ments. 

The two escape-wheels, having the same diameter and num- 
ber of teeth, are mounted on the axes of tw'o identical wheels 
driven by an ordinary train. 

There is only one pallet, and it is so mounted on the pallet 
axis that it can be raised or lowered without its centre of move- 
ment being thereby altered. 

If now the acting faces of the teeth have a curvature con- 
centric with the centre of movement of this pallet, the escape- 
ment will be dead-beat, and the recoil will become more and 
more pronounced as the pallet is made shorter. 

The figure indicates the relative dimensions that were found 
to secure isochronism of the oscillations of the pendulum in a 
clock exhibited at the Exjjosition of 1839. 

The following results were obtained with it : 

When made dead-beat tlie escapement gave a difference in 
the rate of 17 seconds in 24 hours with the motive force at one 
time reduced by one half and at another time doubled ; when 
set to give a certain amount of recoil (indicated by previous 
experience), with the same variations in the force applied, the 
change in the rate was rcuuced to 1 or 1*5 seconds. 

The recoil escapement always gave longer arcs of oscillation 
than the dead-beat. 

Robert’s anchor escapement. 

073 . — Anxious to facilitate the manufacture of good 
ordinary clocks, M. H. Robert adopted the form of anchor 
escapement shown in fig. 12, plate XII. He only used one size 
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of escape-wheel, but adapted to it three forms of anchor, covering 
5, 6 or 7 teeth according to the size of movement and {wndulum 
employed. These forms arc described witli full details in Vol. 
I. of the Jtevue Chronometrique. 

The anclior is made of brass, the stone pallets being set in it. 

The object he bad in view will be at once evident : The 
wheel being of a constant size, the anchor made of brass and the 
stones with straight faces, can all, with the aid of suitable 
machinery, be made mechanically in large quantities and as 
accurately as desired. 

973. — It might perhaps be objected to this escapement that 
the substitution of a straight for a curved face gives rise to a 
slight recoil. Our readers will remember tliat, so far as concenis 
ordinary timepieces, we do not consider such a rt'coil of any 
moment; but, notwithstanding this, M. Kobert thought it 
advisable to reply to such a criticism, and he pointed out that, 
with a very limited lift (1° or l''-.5), straight and curved locking 
f^es would so nearly coincide that there would be no appreciable 
effect of recoil, and even with a lift of several degrees the 
movement would still be hardly perceptible. 

The following table, moreover, calculated by M. Robert 
gives the value of the recoil, the radius of the wheel being 
assumed 100 mm. 


Lifliog arc. 

Secant. 

5" 

100-382 

4® 

100-244 

,3® 

100-137 

Oo 

lOO-OGO 

1® 

100-01 0 

0®-45 

100-008 

0®-30 

100-004 

0“-15 

100-001. 


^ Since the recoil is measured by the difference between tho 
radius and secant, we have : 

For 5®, or over ]- millimetre (0’015 in.). 

1®, mm. (0'0006 in.). 

But we have assumed the radius of the wheel 100 mm., 
whereas it is ordinarily about one-tenth this amount ; hence the 
above figures must be diminished by about nine-tenths. 
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BBAB-BBAT ARCBBB BMAPBHBim. 

Ordinary form. 

974 . — Graham* changed the shape of the anchor from that 
adopted by Clement and made it cover a greater number of 
teeth ; he replaced the excentric curved faces, producing recoil, 
by surfaces concentric with the axis of rotation. 

As in the case of watch escapements, the impulse plane is 
at times entirely on the anchor or on the wheel and at other 
times in j)art on each. 

The latter arrangement is mainly adopted with a view to 
make the tooth more solid and to ensure the retention of oil. 
As regards its action, the escapement may be assumed to bo 
identical in the two cases ; whether the plane is entirely on one 
or the other jiart or divided between the two. 

975. — 'riie small dead-beat anchor is made in the same 
manner as tlie half dead-beat anchor (fig. 9, plate XII.) except 
that the left-hand pallet is cut away along the arc s o ; thus the 
recoil face is replaced by a concentric locking face. 

976 . — In an escapement that has the impulse plane divided 
between the teeth and anchor (fig. 13 plate XII.), the latter will 
have precisely the same form as that just considered ; the only 
difference will consist in the thickness of the arms being reduced 
by an amount corresponding to the portion of the impulse plane 
that is transferred to the teeth. Its calliper must be drawn in the 
same manner as that of an escapement with concentric locking 
faces, except that the several angles have different values ; the 
lifting angle of each arm will, of coxirse, consist of two angles 
a and v corresponding to the two inclined jjlanes. The real lift 
will tlicrefore differ from the apparent lift. 

977 . — As has been already shown ( 900 ), we cannot expect 
to sccui’c good results with a dead-beat escapement unless two 
conditions are satisfied : its several dimensions must be in strict 
proportion to the pendulum, and the whole must be accurately 
made. This cii’cumstance will suffice to account for its want of 
success in ordinary timepieces, at least when constructed on the 
usual system by average escapement-makers ; but it also shows 

^ George Graham was the most celebrated of English horologists. He was bom 
in 1675 and died in 1751» and invented the escapement that bears his name, the 
cylinder escapement for watches, the mercurial compensation pendulum, bei^ides 
being the first to suggest the gridiron pendulum. He was both learned and skilful, 
and his reputation was still further enhanced bj the improvements he introduced in 
certain astronomical instruments. 
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that the dead-beat escapement may render good service if made 
with appropriate machinery under the immediate eye of a skilled 

maker. Anchor Escapement for Regulators. 

Grabam 8 Escapement. 

OfS. — This form is most frequently employed with an 
escape-wheel of 30 teeth carrying the seconds hand at the 
extremity of its axis, which thus gives GO beats per minute ; or 
the wheel may have 60 teeth and the pendulum beat half -seconds. 

Our Theory explains the manner in which the length of the 
escapement arms and the size of wheel maybe determined when 
the dimensions of the pendulum are known ( 1018 ) ; we shall, 
then, merely add that, according to an emjiirical rule, the number 
of teeth covered by the anchor is (in the callipers adopted at 
the present day) between a quarter and a third the circumference 
of the wheel ( 1019 ). If this amount is exceeded the thickening 
of oil has an appreciable influence, and, with a less amount, very 
accurate workmanship is necessary ; it being extremely difficult 
to make sure that differences in the force acting on tlie very short 
locking faces are avoided. 

079 . — In a word, it is necessaiy to remember that 
uniformity depends on a number of terms, and we cannot repeat 
this fact too often ; no one alone can ensure success, for it is 
under the combined influence of all the others. Among these 
several terms, moreover, some remain constant, such as the lift- 
ing angle, the length and weight of the pendulum, etc., whereas 
others alter with time ; for example, the resistance of oil, the 
supplementary arc, the action of suspension spring ; an action 
which varies with the extent of arc of oscillation, etc., according 
as the spring is more or less adapted to secure isochronism. 

As evidence that success depends on the judicious combina- 
tion of the entire escapement and not on any single condition, 
however important, it will be sufficient to point out that, with a 
given suspension, the influence of flexure differs according as 
the escapement arms are long or short, and that the progressive 
change in the influence of oil will depend on the extent of the 
supplementary arc. 

980 . — ^The question whether the locking faces or the middle 
points of the impulse planes should be equi-distant from the 
centre of movement, has given rise to discussion as regards this 
escapement also, and we cannot do better than refer the reader 
to articles 687 to 693 , from which he should select the passages 
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bearing- on tlio subject; wo would add that many skilful makers 
adopt tlie two forms indifferently, and that, in the following 
drawing, the lockingfaces coincide -with the two tangential points. 

081. — To draw Graham^s anchor escapement. — The design is 
similar to that of any other dead-beat escapement, the only 
difference consisting in the choice of lifting angle and of the 
number of tooth covered by the anchor. Having regard to its 
importance we will again give the details of the drawing. 

Knowing the diameter of the wheel, which is assumed to 
have do teeth, draw the circumference era (fig. 8, plate XII.). 
Mark on it the point of one tooth a and of the eleventh to the left 
c (assuming ten teeth to be covered by the anchor when the 
wheel rests against the internal locking face). 

Draw the radii g G o, the latter passing through the point 
midwa}' between the extremities of the tenth and eleventh teeth, 
and at the points o, erect perpendiculars a b, o n, meeting at 
li, the centre of movement of the anchor. From this centre with 
a radius I5 a describe the arc h t d, Avhich determines the two 
locking faces ; it will pass midway between the points of the 
tenth and eleventh teeth. Then from the same centre b draw 
two other arcs to fix the thickness of the pallets ; one, g c, passing 
tlu'ough the eleventh tooth, and the other, n s, bisecting a lino 
that joins the points of the teeth «, «. 

It only remains to mark off the lifting angle, which is, as 
a rule, 1° in astronomical or regulator clocks, and 1"’5 to 2 ’ for 
half -second regulators. 

Draw the lines n n ?«, c d p, forming the lifting angle with 
the tangents ; join their points of intersection with the circular 
arcs by straight lines ; in other words, join a n and c d. 

Draw a /, forming with the radius a G an angle equal to the 
inclinatit)!! of the front face of the teeth. This angle should be 
sufficient to avoid all risk of adhesion, etc. ; it varies from 6'’ to 
12". The lesser of these is adopted for small escape-wheels or 
such as have many teeth, in order to ensure sufficient solidity 
at their base. As to the straight portion of the back of the 
teeth, its inclination is determined by the cii’cular arc n s, and is 
such that the corner n of the anchor cannot come in contact with 
the back of a tooth ; the same may be said of the concave part 
of this face, for its form is determined by the inward motion of 
the corner c drn’ing the lift on a n. 

The remaining details will be easily filled in from what 

36 
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follows, an inspection of fig. 8, and sucli portions of article 1001 
as are applicable here. 

983. — Some makers construct the anchor entirely of one 
piece of steel, others, more numerous, make a brass setting witli 
steel pallets fixed by screws and steady-pins ; they add the screw 
-, and sometimes a second op])osing screw, by the aid of which 
it is possible to sliglitly modify the opening of the pallets should 
it be necessar}’. Whenever the escajiement is intended for an 
astronomical clock, the pallets are fitted Avith hard stone, usually 
oriental sapphire, for it has been observed that, in time, steel 
anchors always wear at the contacts. 

The acting surfaces of the anchor are rounded crosswise or 
“ beaded” (1003). 

An anchor entirely of steel Avill be distorted in hardening 
unless only the pallets are hardened, and even then it is essen- 
tial to leave a little metal in excess at the parts most likely to be 
distorted during the operation, to enable the workman to correct 
by smoothing, after trying the escapement. Or the anchor 
may be closed a little, if needful, after letting it doAvn to a blue 
colour ; but, when it is not intended to supply the pallets with 
rubies, they should bo hold by screws between tAvo small metallic 
blocks during the heating, so as to prevent their (ihanging colour 
and thus losing any of their hardness. 

983. — The teeth of the Avheel (vioAved sideways) are formed 
indifferently as shoAvn in fig. 8, plate XII., or as at a fig. .o3, 
page 493. 

The section of the tooth, looking at its front face, is nearly 
always of the fonn shown at A in the same figure 53. Some 
makers drill a small hole in each tooth to facilitate the retention 
of oil, a method adopted by the elder Breguet, L. Berthoud and 
Motel. 

Pointed teeth of brass Avere found to wear when subjected* 
to the severe pressure that occurs in turret clocks ; Avith a view 
to avoid this inconvenience, a portion of the impulse plane has 
been transferred to the teeth, which thus have the form shown 
in fig. 14, plate XII. Attempts have also been made in heaAy 
clocks to transfer the incline entirely to the teeth ; but in that 
case the extremity of the pallet Avas observed to wear. 

Curved and Straight Impulse faces of the anchor. 

984. — By forming the lifting faces to correspond with 
certain ciuwes in the direction of their length, convex or concave 
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:accor(ling to circumstances (in other words, curves so formed as 
to satisfy the double condition of sccurin" a certain progression 
in the velocity of the wluiel and a reduction of the impact on 
the locking face), it is possible to slightly diminish the amount 
■of motive force absorbed ; but these conditions give rise to two 
difficulties, the discovery of a mechanical means for accurately 
forming the curve's, and the prevention of any damage to the 
points of the teeth when the ju'essure of the pallets acts directly 
against them, the wheel bc'ing uninfluenced by the motive foi’co 
while the j)enduluni continues in motion. In the best class of 
clocks the pendulum rod must not be held with friction in the 
ci'utch. 

Jlcreovcr, this reduction in the shorter tirop renders the 
blow that marks tlu' second very indistinct, a fact which is 
objected to by some observers. 

What has doin' most, however, to hinder the success of 
these cm'ves is tlie fact that the majority of tho.se experimented 
u])on have been drawn in accordance with that erroneous and 
ol).solcte (!onditiou of equal lifts ; that is to say, successive equal 
j)ortions of the motion of the two mobiles eorre.spond ( 673 ). 

085. — Details of a regulator with anchor escapement. — Thi.s 
escapenieut is of the form shoAvn in fig. 8, plate XII., the regu- 
lator being of j\r. I’reguet’s execllent make. 

Diameter of wheel, 40 mm. (1’58 ins.); — 80 teeth. 

Anchor covered 10-| teeth between the two tangential 
points. 

Lift, 1" ; — supjdementary arc on either side, 80 ; that is to 
say, a total arc of 2”. 

Escapement anu, 88 mm. (Do ins.). 

Pendulum ; Aveight, 8*0 kilogr.(18'0 lbs.), — boating seconds. 

Proportion of length of escajiement arm to 

Weight of pendulum ... ... : : 1 : 226 

(comparing millimetres and grammes) 
and to Aurtual length of pendulum : : 1 : 26 

The moth’e poAA^er A\aas a Aveight of 3*6 kilogrammes (7‘9 lbs.). 

Various modifications of the anchor escapement. 

980. — Perron* attempted to modify the anchor escapement 
of regulators by placing the impulse plane entirely on the teeth 

^ An expert horologist, born at Besantjon in 17 70. He published an Easal sur 
Vhistohe ahregee de Thorlogerie which shows him to have been specially impressed 
with the writings of F. Berthoud. 
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of the wlicel and substituting rollers, free to rotate on pivots,, 
for pointed pallets (fig. 5, plate XI.). As it was impossible to 
make the rollers and pivots of extreme fineness, the drop was 
necessarily augmented by half the thickness of the roller ; more- 
over, although the surface of the roller might have done without 
oil, such could not have been the case with the pivots ; thus, as 
has been observed by a recent writer, the diflicully Avas merely 
transferred to another locality. 

A jDi’ovincial clockmaker has also suggested the aiTangc- 
7nent shown in figme C3 as an improvement on the ordinary 
Graham escapement. 



Fig. C2. 

This combination of the anchor and pin escapements is by 
no means a happy one ; it retains all the objections of Graham’s 
form AAdiile wanting the advantages of the pin escapement. The 
piece II is just as difficult to make as the ordinary anchor, for it 
is not on the mere cutting out of a particular form that most 
time is expended ; the wheel necessitates more labour than does 
an ordinary flat wheel divided with a cutter, the jiins arc ill 
adapted to retain oil, and, unless half the thickness of each pin 
is cut away, the drop will be needlessly increased. Moreover 
the form of the pallets is such as to increase the tendency of the 
oil to leave the pins and pass towards the vertical arm ii ; it will 
inevitably thus pass away if supplied in any excess. 

OS?* — An arrangement (fig. 3, plate XI.) rather similar to 
the preceding as regards the form of the pallets, but differing in 
that the crutch was entirely suppressed and the anchor inverted 
(thus retaining oil on the acting surfaces better), was attempted 
as early as 1824 by a clockmaker then quite young, M. Veritc. 
He only employed it in the best class of clocks j for he ascer- 
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tained that most 2 )orfoct workmanship is essential, since any 
alteration in the distance between the centre of the wheel and 
the centre of suspension of the pendulum might cause the cscajie- 
ment to catch. 

This modification, which led its inventor to definitely suj)- 
])ress the crutch in his clocks, was suggested to him by the 
cai’dboard clocks, made about 1820 by M. Duclos. Fig. 12, 
jilate XL, represents one of these escapements. The pendulum 
carried an inverted anchor at its upjicr end, the pallets of which 
were faced with horn and acted without oil against the teeth of 
a wheel made of some specially prepared cardboard. The 
method of making such clocks is now lost, although, gi’eatly to 
the astonishment of clockmakcrs, many of these singular ma- 
chines have gone without sensible change and with a striking 
■apjiroximation to exact time. 

Kosscis’ anchor escapement. 

988. — Kesscls,* of all the more celebrated makers, was tho 
one who em^doyed the shortest escajicment arms. Ills an(;lior 
<‘ovcrcd six teeth, measuring between tho two locking faces, or 
.seven counting from tho commencement of one impulse to tho 
termination of the next succeeding, the wheel having 30 teeth. 
A jJortiou of the impulse face Avas on the teeth. 

Figure 9 of jdatc XL clearly shows his arrangement ; it is 
drawn in precisely tho same manner as the Graham escapement 
above described, cxcejit that tho middle iioints of the impulse 
faces are on the tangents that detennino the centre of tho 
anchor, and, in making the drawing, it is necessary to allow for 
tho diminution of the drop owing to the greater thickness of tho 
extremities of the teeth ; these are slightly inclined backAvards, 
tho front corners being formed into a sharp solid angle. 

089. — Several clockmakcrs have made regulator escape- 
ments of the form recommended by Kessels ; but they huAU) not 
been equally successful, and the exjdanation of this fact is not 
far to seek. Kessels carried the reduction of the arms, and con- 
sequent increase of pressure, to tho farthest practicable limit ; so 
that, for equal success, it is absolutely essential that the minutim 
in the workmanship be identically the same as his. Any slight 
difference in the jday of pivots, friction, impelling force or 
velocity of the wheel, acting lengths of the locking face, nature 

* A clover German clockmaker who died in 1S49. Ho worked for a long time 
^ith Breguet and afterwards settled at Altona ; he there made a great number of 
^excellent astronomical clocks for G erman, Swiss and Eussian observers. 
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of suspension spring, etc., would thus acquire an importance' 
that is relatively greater than it would be were the anchor of 
rather greater dimensions. 

090t — Details of a K esscls escapement . — 

Diamctcrofcscapo-wlieel, 40 mm. (I'.l.S ins.), — with30teeth. 

Anchor covered 6 teeth between the locking faces. 

Lift L'S-S (r“00'); supplementary arc, 2(4 on either 
side ; tliat is, the total arc is 2’. 

Escapement arm about 12-G mm. (0-5 ins.). The pen- 
dulum beat seconds and weighed about 5 kilogr. (11 lbs.). 

Proportion of length of escajicment arm : 

To weight of jx'ndulum about ... : : 1 : .390 

(comparing millimetres and grammes) 
and to virtual length of pendidum ; ; 1 : 78. 

Yullinniy's anchor esenpemont. 

901. — Figure 2 of plate XI. represents this form of c.scape- 
ment, which only differs from the preceding in the form of its 
escape-wheel teeth, and in being provided with two micro- 
inoter screws, c, joined together and of slightly different ])itcli; 
by its means infinitesimal changes can be made in the distance 
between the arms, and when brought to the exact positions they 
are clamped by the screws .y and /; the two arms move in 
contact Avith each other with stiff friction, the screw c j)assing 
through two parallel spurs. 

The anchor covers 8 teeth when a .30-tooth wheel is. 
employed, measuring behveen the two tangents, which are made 
to pass through the middle jAoints of the imjmlse fact's. 

The lifting angle is 1". — For a Avheel liaA'ing a diameter of 
40 mm. (1'.58 ins.) and a seconds pendulum, the lever arm is tt) 
the Aurtual length of pendulum as 1 : .50, and as 1 : 33 AA'ith a 
Avhecl 02 mm. (2'44 ins.) in diameter (as shown in a drawing 
given by Moinet). 

Winncrl's anchor escapement. 

992. — Moinet observes that : “ F. Berthoud suppressed the 
crutch in a clock beating half seconds, Avhich he suggested but 
never earned into execution. In other cases the crutch has been 
suppressed of necessity but not with satisfactory results ; thus 
this change, which possesses real advantages, ill understood 
by these makers, was not again attempted.” 

More recently M. Winnerl, in his efforts to improve the’ 
better class of ordinary clocks, has made escapements without 
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tho crutch. Fig. 1, plate XL represents one of the two forms 
ho has employed ; tho second, which is not sIiomti, is only used 
in certain special cases ; it has the escapement arms inverted and 
set above the point of suspension. 

In both tlie anchor is fixed to a block below tho su-spension 
spring; this, then, amounts to fixing it to the pendulum rod 
its(df. .St'vcral clianges result from the suppression of tho crutch 
and its ])ivots : iIkto is less weight to be moved; tlio influence 
of tlic oil on tlie crutch pivots vanislies, as well as the .shake 
occasioned by tlie pendulum striking the crutch fiu’k ; and, lastly, 
tho centres of movement of the pendulum and anchor are 
identical. The diminution in the number of moving jiarts and 
the friction has a sensible effect, for, Avith an equal lifting arc, 
the oscillations are rather more extended. 

It is essential when this .sy.stem is adopted that there bc' very 
accurate Avorknianshi]) and that no more oil bo applied to tho 
j)allets of the inverted anchor than can be retained with ccidainty 
b\’ adhesion ; this condition is absolutch' essential with a A'icw 

•.,7 */ 

to retain tho oil at the.se acting surfaces. 

The drawing of this e.seapement can bc made as in other 
cases, the centre of the pallets coinciding with the centre of 
flexun' of the suspension spi-ing. AVhen the jiroportions are as 
slioAvnin fig 1, ])late XL, the centre of movement is at the middle 
of the length of the spring; if this sjiring is AA'caker, it will bo 
soincAvliat higher, at about one third the length from the to}i. The 
centre does not, lunvever, remain the same Avith pendulums of 
dill'crent Aveights ; at the .same time it is never lower than tho 
middle 2 )<>iut of the spring and this may bc taken as the most 
usual ]K)sition. The anclmr, Avhen cut out, is .scrcAved to tin; 
loAver block of the su.s])en.siou spring, taking care that the small 
hole drilled at its centre coincides Avith the line of flexime of tho 
spring; and, Adieu all tho parts occupy the positions indicated in 
fig. 1, tho suspeiusion of the pendulum is fixed. 

Observation. — M. Winncrl finds that if these pendulums arc 
set A'crtically in the cases, nothing is required to set the escape- 
ment in beat ; but, if any means of adjustment should be desired, 
such an arrangement as is shoAvn in fig. 4, plate XL, may bo 
adapted to tho pendulum. 

On tho prolongation d e oi tho suspension hook tho 
pendulum-rod / is fixed by a screw ; this rod is proArided with 
two projecting pieces at ff between which passes the prolongation 
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c of the hook. A screw M'ith a milled head rotates between those 
two 2 irojections as bearings, onfranfing i'l piece e, which can 
thus be caused to move to the right or left. 

Identical escapement by 71. II. Robert. 

993. — This escapement, intended by its inventor principally 
for use with half-second pendulums, is .shown in tig. 10, plate Xi. 
It is said to be identical from the fact that both the anchors and 
the wheels can be made absolutely alike, that is interchangeable. 

A steel ring h (shown both in front and side elevation) is 
cut away so as to allow the wheel to pass. It forms an anchor 
with concentric lockings. The apjiarent total lift ( 307 ) is G ’, <ir 
3” on either side of the vertical. The lockings are tangential. 

This ring is turned both inside and outside, and then fixed by 
friction on the sujiport /, which forms part of the axis of the anchor. 

The wheel is flat and of hardened steel, perfectl}^ jiolishcd 
at the points that lock and on the impulse faces. 

The two locking arms may be assumed to be equal, for they 
only differ by about the f,th iiart. 

The hardened steel wheel is very firm and retains the oil 
well ; but its construction, as well as that of the ring, and the 
various adjustments, necessitate very great care if accurate 
workmanshiji is aimed at. 

The end 31. Robert had in view was to design an esenpe- 
ment beating half seconds that had the escapement arms 
sufficiently short and at the same time gave a perfect locking 
action; results which can only be ensured by cm])loying the lathe. 

994 . — Details of an identical escapement that has gone for 30 
years ; (as a rule these escapements give a variation in the rate 
of less than a minute in fifteen days). 

Diameter of the movement, 90 mm. (3‘54 ins.). Spring 
suspension. 

Diameter of wheel, 21 mm. (0-83 ins.), — 30 teeth. 

Anchor covers 6 teeth. — Lift, 3” on either side of the vertical. 
— Supplementary arc, 2“ on each side; — total arc, 10”. 

Pendulum; weight, 250 grms. (8’8 oz.). Vu’tual length, 
248 mm. (9’76ins.). 

The ratio of the length of escapement arm (7 mm. or 0-28 
ins.) is : 

To the weight of pendulum ... : : 1 : 35'7. 

(com 2 )aring millimetres and grammes), 
and to the virtual length ... : : 1 : 35*4. 
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Pin Escapement;. 

For regulators and turret clocks. 

095 .— T1 lis escapement is no more than an anchor escape- 
ment with the two arms brought near together ; but such a closing 
up, Avhen the anchor and wheel move in parallel and not in perpen- 
dicular planes, can only be accomplished if the wheel have pins 
planted in its face instead of teeth cut in the flat : it is for this 
reason that it received and has retained the name of pin escape- 
ment, a name that is l)y no means distinctive-, since there are 
several other forms that involve the use of a wheel of this 
description. 

The arrangement usually adopted at the ju’cscnt day is shown 
in fig. G, jdatc XIL Its mode of action will be evident : when 
the pendulum oscillates towards the right, the pin a, resting on 
the locking face 5, arrives at the entrance edge of tlic incline o c, 
and, in traversing it, gives an impulse that is followed by the 
locking of the pin d against the face i. On the return of the 
pendulum, this pin d leaves the locldng face i and passes over 
the impulse face i a, when it falls on to the face h and is locked ; 
and so on. 



Fig. 03. 

The invention of the first pin escapement was published in 
1741 by Amunt, a French clockmaker. Fig. 03 represents this 
very remarkable discovery ; remarkable bccau.so the pin escape- 
ment as employed at the present day differs in no way from 
that of Amant, except in having the arms somewhat longer and 
in the substitution of scmi-cylindrical for cylindrical pins. 

9f)(j,_Lepaute* took up Amant’s escapement and modified 
it. With a view to diminish the drop he made the change just 
indicated in the form of the pins; he made the arms pass 


• J. A; Lepaute was bom at Montm^di in 1709 and died in 17S9 ; be was one of 
.1 f nf French horolocists. Ho did much to improve his art, 

LLwiy in regard to turret elochs. We are indebted to him for 
Xh wL formerly much thought of. Ilis wife, a very clever mathematician, heli^d 
him in some of his labours. Jean-Baptiste, his brother and pupil, as well as his 
nephews, have honourably maintained the reputation he acquired. 
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one before and one beliind the wheel (fig. 1, plate XIL) and 
emjfioycd a double row of j)ins, so that the two lockings as well 
as the two impulses occur at equal distances from the centre of 
movement of the anchor ; this precaution Avas, however, not of 
so much importance as Lepaute considered it, for the difference 
in the action of the tAvo arms, when considered in relation to 
the mass moved, is A*ery slight, and its influence on tlie rate is 
inappreciable. The modern form, shown in fig. G, jdate XIL, 
gives as good a rate as can bo obtained with Lepaute’s arrange- 
ment, and in addition offers greater facilities of manufacture 
and adjustment ; this will be at once evident from a conqiarison 
of figures 1 and G. 

In Lepaute’s description of his escapement we read : 

“ By lengthening the anus we secure an inci'cascd force for the 
impulse, but by reducing this length we bi’ing the locldng faces 
nearer to the centre of movement and tlierefore diminish 
the friction.” This second statement is true but tlic first is 
erroneous ( 310 ), and this mechanical error has led the manufa(v 
turers of the Jura to provide their clocks with oscapements, the 
arms of Avhich are absurdly long. Lepaute recommended one 
and a half times the diameter of the wheel as the best hmgth, 
but even this is, as a general rule, too groat. 

007 . — M. J. Wagner Avas, we believe, the first to point out 
the advantages that would be secured by reducing the length of 
the arms Avith this foim of escapement. 

We have indicated the conditions that determine the length 
of the escapement arms ( 078 ); wc Avould only add, as a first 
approximation or empirical rule, that, in the calli})ers actually 
made, this length is usually from one to one and a half times the 
radius of the circle that passes through the centres of tlu! jjins ; 
but Avith regard to this estimate, which only apiDlies to the cal 
liper ordinarily met with, the reader must be careful to bear in 
mind that an arm which is too long occasions a loss of force and 
irregularities due to changes in the condition of oil, while a 
short arm renders very accurate workmanship essential and is 
liable to give rise to more rapid wear of the acting surfaces, 
OAving to the increased pressure ( 918 , 979 ). 

998 . — To draw the calliper of a pin escapement. — The wheel 
is assumed to have 30 teeth 'or pins if the pendulum is to beat 
seconds (or GO for a half-seconds pendulum, but in this case the 
wheel is large or the impulse planes very short). 
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Draw the line n a (fig. G, plate XIL), and from n as a 
centre, with a radius equal to that of a circle passing through the 
middle points of the ])lns, describe this circumference. Mark the 
middle point a of the first pin ; then the centres of several others 
above and below. The angular distance apart of these points is 
3G0'‘ divided by the number of pins in the wheel ; thus for a 30 
pin wheel, the angle will bo 12", which may bo traced with the 
wheel-cutting engine, if one is accessible; if not, with a protractor. 

Draw tlic semi-cylindrical pins, whose centres have thus 
been determined ; their radius will be one quarter the distanee 
between two consecutive centres. 

Through the point a draw the perpendicular l n, tangential 
to the circle of pins ; mark on it the centre of the anchor, say at 
N. From this centre and with the radius n a describe the arc s; 
then with the same radius increased by that of a pin, draw the 
arc l>. Now draw in the two arcs i and t at distances from the 
first two exactly one quarter the interval between two centres. 
If the calliper has been drawn with care, the semi-cylindrical 
pin v'ill just pass without play between the arcs s and d, and, if 
a pin were resting against the locking face ?, the pin immediately 
below it should pass without play against the arc t, in the manner 
indicated in fig. 15. In making the escapement, the thickness 
of the pins must bo slightly reduced on their flat face in order 
to ensm’e the requisite freedom, if the smoothing of the ujjpor 
and under faces of the two pallets is not sufficient. 

990 . — Having previously decided upon the total lifting 
angle (usually 2" ; 1” for the incline and 1" for the half pin, 
1010 ), draAV the two angles l n J, J n k, on the same side of the 
vertical l n, together equal to the lifting angle, the first being 
the amount due to the rounding of the pin, and the second to 
the incline of the pallet. Join the point o at wdiich the line l x 
cuts the half-circle of the pin a, with the point c where the lino 
J N cuts the arc t ; we thus obtain the impulse plane c o. 

Join the left corner of the pin with the point of intersection 
of the line k n and the arc i, and we have the second impulse 
plane i a. All the principal dimensions of the escapement are 
now determined. 

Remark . — Since the interval between the centres of two 
consecutive pins is equal to twice the thickness of a half pin 
plus tAvice that of a pallet, it follows that we can, if necessary, 
give, say, a greater tliickness to the pallets and a less thickness 
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to the half pin ; thus this latter might have only one third or 
one quarter the thickness of a round pin, but it sliould be struck 
from a centre higher than the point a ; for the curved face of 
the pin is one of the elements that determine the lifting angle, 
and this angle would therefore be modified by diminishing or 
increasing the size of the pin in the direction s h. 

1000. — The lift in this escapement can thus be regarded 
as consisting of two parts ; the first is pi-oduced by the action 
of the small curved face, o h, of the pin against the engaging 
edge of the impulse face, and the second by the corner, b, of the 
pin passing over the plane. 

Wlien these two parts are unequal it is necessary to draw a 
distinction between the real and the aj^parent lift. They differ 
when the right and left-hand lifting angles overlajj instead of 
following immediately one after the other (fig. 13, jdate XL). 

Obserrations and practical details. 

1001. — After drawing the inclined faces of the pallets 
with the greatest possible accuracy, prolong them to ff and f 
(fig. C, plate XII.), and from the centre N describe two circular 
arcs to which these lines arc tangential ; then 2 )rej)are two discs 
of metal, of the same radii as these arcs, that can be held b}'’ 
friction on the axis of the anchor. AVhen this also is fixed on 
its axis, it will be easy, by iffacing a 2 )erfcctly straight rule 
against each incline in succession, to ascertain whether its 
direction is satisfactory or otherwise ; observing whether the 
rule, when passing through the point c, coincid(is with the 
tangent to the corresponding disc. Of course allowance must 
be made for any minute excess of metal left as a ])rccaution, to 
be removed after cither verifying the escapement or smoothing 
and polishing the pallets (933). 

1003. — The pin escajiement is advantageous in that it does 
not involve such accurate workmanship as the Graham , and it is not 
liable to catch when the pivot-holes of the anchor have worn larger. 

If the pins are sufficiently long (without the risk of bending), 
somewhat enlarged, if pos.sible, at their summits, and the acting 
surfaces of the pallets rounded in a beaded form so as to retain 
the oil by capillarity (81), this form of escai^cment is not liable 
to wear and it retains the oil for a long period (1009). These 
advantages have led to its very general adojffion for turret clocks. 

The anchor should always hang vertically, as in fig. 6, plate 
XII., in order that the oil may remain on the pallets. 
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Experiments have been made on the effect of facing the pins 
with yaiious alloys, and with vegetable or animal substances, 
such as horn, etc. ; although some of these attempts have been 
fairly successful and although the hardened steel pins, provided 
with oil, work well, manufacturers have always comeback to pins 
made of good brass ; the other materials that have been tried 
either exhibit objections in time or do not possess sufficient recom- 
mendations to make them 2 )referablc. 

In turret clocks, with a view to increased facility of con 
struction and adjustment, the anchor is often made of brass 
and fitted with hardened steel 2 >allcts; and, in chimney-piece 
regulators, the anchor is most usually formed of brass and 
fitted with jewel j)allets, but they are also sometimes met with 
entirely of steel. 

With a view to increase the rigidity, it is a common prac- 
tice to form the under sides of the iiallets as sho^vn by dotted 
lines at c, fig. 8, ^datc XI. 

1003 . — Details of a pin escapement., which had an excellent 
rate and formed jiavt of a clock by ]\I. Borrcl : 

Diameter of escape-wheel, 80 mm. (3'15 ins.), — 60 jiins. 

Length of escapement arms, 40 mm. (1’58 ins.J. 

Lift on each jiallet, 2": — 1" for the jiallet and 1“ for the jiin. 

Supjdemcntary are on each side, 1”’5 (1” 30'); thus the 
total arc is 5 ’. 

Pendulum: weight, 12 kilogr. (26‘5 lbs.); beating seconds. 

Comparing millimetres and grammes, the length of the 
escajiement arm is to 

The weight of pendulum ... : : 1 : 300 
and to the virtual length ... : : 1 : 25. 

The imjmlse was apjdied through a remontoir. 

Pin Escapement witlx movable arms. 

100 - 1 . — Tn this arrangement the only modification consists 
in the two arms of the anchor being movable with fi’ictlon on 
their axis, and they are drawm together by a spiral spring, as 
indicated in fig. 15 of plate XII. This device is intended as a 
precaution against the i)ins being in any way damaged if the 
j)Ciidulum oscillates when the motive force has I’un down. 

It Avould aiipcar that the spring should not be too stiff, for 
it would then bo Avithout effect; nor too elastic, as it would 
interfere AAuth the action of the escajioment. Its exact strength will 
be determined by the resistance opposed by the pin to distortion. 
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Pin Pfiicapcnient '%vith palletis attached to the pendulum rod* 

1005. — ^Influenced by the motives that led M. Winnerl to 
devise the escapement described in article 993, M. Verite con- 
structed, as early as lSo3, turret clocks in which the pallets were 
simply attached to the pendulum rod ; the ordinary pin escape- 
wheel was used. Fig. 8, plate XI., docs not require explanation. 

In an escapement of this form the upper block m attac^hed 
to the suspension spring should be carried by a slide, which, by 
means of a fine screw, can be moved to the right or left in order 
to set the escapement in beat. Or this block may bo carried by 
a screw supported between two bearings in a horizontal position. 

1006. — Details of a pin escape incut tcHhout the crutch., by 51. 
Verite. (Fig. 8 is, however, not drawn in accordance with these 
dimensions) ; 

Diameter of Avheel, 80 mm. (3‘15 ins.). — 45 pins. 

Length of escapement arm, 73 mm. (2‘87 ins.). 

Jlean total arc, 4" ; mean supplementary ai’c on either side, 1". 

Pendulum ; weight, 7‘5 kilogr. (IG o lbs.) ; beating seconds. 

Comparing millimetres and grammes, the length of escape- 
ment arm is to : 

The weight of the pendulum about : : 1 : 1 03 
and to the virtual length : : 1 : 14. 

Certain other forms of Pin .Escapement. 

1007. — In the first, of which we shall only say a few words, 
the anchor is inverted and attached to a prolongation of the 
pendulum (carried on a knife-edge) above its j)oint of support. 
The crutch is thus suppressed. We have seen an arrangement .such 
ns this in a clock made by the firm of Lepaute about the year 1820. 

In the second form the anchor is placed on the opposite side 
of the wheel providing the motion of this latter is in the same 
direction as in fig. 6 of plate XII., or on the same side if the 
wheel turn in the reverse direction ; it thus follows that the 
impulse planes must bo formed as .shown in fig. 7, plate XL 
Instead of the wheel exerting a drag on the pivots of the anchor, 
it thus has a tendency to raise them and the resistance due to 
friction is slightly diminished. But the advantage gained by 
this small economy of force, indicated by a somewhat greater 
supplementary arc when the clock is first set in action, is 
neutralized by the necessity of the pivots accurately fitting the 
pivot-holes in order to prevent them from shaking, and the 
principal advantage of the ordinary pin escapement is thereby 
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lost. This advantage consists in the fact that there is no danger 
of catcliing through tlie enlargement of the pivot-holes ( 1002 ), 
and tlic effect of the oil is not detrimental ; whereas the influence 
of an insuflicient play is sensible. 

This form of escapement, which may occasionally bo of 
service, Avas formerly employed by a member of the firm of 
Lepaute ; ho made a narrow cliannel along the faces of the pallet, 
so arranging that tin; oil ahvays returned along the inclines. 

We. shall do no more than refer to a hind of this 
escapement in AA'hich the pins are planted so as to lie in the 
])lanc of the Avheel, projecting outwards; this plane is perpen- 
dicular to that of the anchor, and the wheel is alternately 
pressed to opposite sides in the direction of its axis ; the incon- 
veniences of such an action arc obvious. 

Viiiliani>'«> pin escapcmoiiil witli movable arms* 

1 « 08 .— T1 lis e.scapcmcnt,of which the anchor is rejiresented 
in fig. 1 1 , plate XL, has been used for colo.ssal turret clocks. As the 
pallets are called upon to support A’ery considerable pressure, the 
inventor made their faces flat and thus arranged that the pins 
should be in contact throughout the entire AA'idth of the pallet. 

With a vicAv to realize this condition, each pallet, /, is pro- 
longed by a cylindi-ical piece, c, which is adjusted in the piece 
JJJ3, carried by the solid frame a a a, in such a manner that it can 
turn through an arc of about 3". It results from this slight move- 
ment being possible that, even if a pin is not exactly perpen 
dicular to the surface of the Avheel, when it presses against the 
pallet the resting face aaoII be brought parallel to the axis of 
the pin, if not already so. 

To produce a similar effect when the pin acts against the im- 
pulse face, the piece /jju, AvhichcaiTiesthepallet,ismountedbetwcen 
the screws v, ?■', and can rotate through a short arc round the axis r v'. 

The spring r is traversed by the cylindrical piece c and 
pressed upon by the scrcAV c, so that the pallet I is kept in contact 
Avith the piece p p. 

1000 . — Details of a pin escapement hy VuUiamy. — (Taken from 
M. H. Robert’s Etudes sur P/iorloyerie.) 

Wheel had sixty pins ; it made one rotation in 4 minutes. 

Arc of oscillation, G®, — 3" on cither side of 0®. 

Idean length of the escapement arm, 120 mm. (4’72 ins.). 
Pendulum: weight, 67 kilogr. (147 lbs.); virtual length, 
3'975 metres (13 ft | in). 
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Comparing millimetres and grammes, the length of escape- 
ment arm is to 

The weight of the pendulum about ... : : 1 : 558 

and to the virtual length : : 1 : 33. 

Olservation. — Vulliamy's clock was not provided with a re- 
montoir ; its rate was remarkably good and this fact is due to two 
principal causes : the length and weight of the escapement arms 
and pendulum were well proportioned, so that this latter was very 
little affected by variations in the motive force, and all the parts 
were made with gi'eat care ; the acting surfaces were thus main- 
tained in excellent condition, but such care could only bo taken 
with the most expensive clocks. Thus, notwithstanding its suc- 
cess, this is not a clock to be copied except when very heavy hands 
require to be moved. Increasing the mass that has to bo set in 
motion involves an unnecessarily groat motive force, and it is 
quite possible to ensure a very satisfactory rate at less cost and 
with a moi’e simple escapement. 

Locking and impulse faces that arc more or loss rounded 
crosswdsc according to the ju’essure they are subjected to, will 
not wear until the oil required ]jy the escapement is entircl)' 
dried up ; for this oil is constantly being brought back to the 
acting faces by capillarity ( 81 ), whereas, when a pin acts 
against a flat face, a great portion of the oil is forced from the 
acting face, and, as there is no attracting force to bring it liack, 
only a thin layer is left, which dries u]) ra 2 )idly ; lienco the 
acting parts are worn if not frequently oiled. 

BESIIME OF SOME OF THE PBECEMKO rABAERAPHS 

and experimental data desig:ned to facilitate the determina- 
tion of the proportions best suited to any driven clock 
escapement. 

1010 * — The lifting angle as compared with the length of pendu- 
lum. Details relating to the (anchor) escapements of three 
clocks that possessed good rates : 

Graham Escapement., beating seconds. — Lift 1", length of 
pend. : 994 mm. (39’1 ins.). 

Graham Escapement, beating half -seconds. — Lift 2", length 
of pond. : 248 mm. (9’7G ins.). 

Ordinary Anchor Escapement, beating third-seconds. — Lift 8", 
length of pend. : 110 mm. (4*33 ins.). 

The lengths of pendulums arc : : 400 : 100 : 44. 

The Lifts arc : : 50 : 100 : 400. 

It is impossible, with the moans at our disposal, to ascertain 
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with sufficient accuracy the mechanical value o£ the lift in each 
case. At the same time we feel satisfied that if they could bo 
determined, wo should find the second of these proportions to 
be the exact converse of the first. 

While indlcatinjj this curious result ‘with considerable re- 
serve, since the question of tlie lift is complex, we w'ould observe 
that the third escapement had a silk suspension and tlio difference 
(observed w'as, in all probability, attributable to this fact. 

Comparing the lifts in tlie several escapements described 
above, w'o observe that tlie Brocot and pin escapements for the 
same length of pendulum require rather more lift than Graham’s, 
and tliis fact can bo explained : for the pin escapement is often 
used under conditions that render an increased supjdcmentary 
arc necessary, and the lift in Brocot escapements is succeeded 
l>y an impact of greater energy ; there is thus a loss of power 
which must be renewed. 

lOllt — The length of the escapement arm cannot be measured 
by the lifting angle or the arc traversed (that is to say, as the 
inverse of this arc), for, with a given pendulum and motive force, 
the action on the impulse arm is very little changed if the length 
of this arm is varied while the lifting angle remains the same. 

As to seeking a direct proportion betw'cen the length of 
these arms and the height of impulse planes, it need only be 
pointed out that, if such a proceeding were admitted, it would 
be necessary to adopt a length of arm that was constant, or 
nearly so, for wheels that differed considerably in diameter wliile 
the intervals betAveen the teeth remained the same. 

It seems needless to discuss this point further. 

1012i — Various proportions that have been adopted between the 
escapement arm and the virtual length of the pendulum. (In all cases 
the pallets commu.iicatcd the impulse to the pendulum through 
the intervention of a crutch).* 

Graham and Pin Escapements : : 1 ; 2.'» 

Brocot Escapement 

Gable „ : : 1 : 15 

Sniall ordinary anchor „ 

with heavy pendulum : : 1 : 30 

» » ” 

with light pendulum : : 1 : 40 

* The ratios (already given in the case of Beveral forms of escapement) between 
the length of escapement arm and pendulum are not strictly comparable unless wo 
assume the length of crutch to bear an invariable proportion to that of the pendulum^ 
whereas it varies with different makers. 
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The above numbers are approximate and will facilitate the 
determination of better proportions ; but there always remain to 
be ascertained by the sole method available at the present day, 
namely the experimental, the most convenient dimensions for 
the escapement arm as regards the resolution of force on the 
lifting face, the momentum of the pendulum, resistance of the 
suspension, length of crutch, etc. ( 1014 - 5 ). 

1013 . — The supplemenianj arc should be very limited; as a 
rule this is a condition that must be satisfied in regulators in 
order to secure a good rate. It has somewhat greater extent in 
clocks for ordinary use, when there is any occasion to increase 
the momentum of the pendulum, and the force transmitted to 
the escapement is likely to vary ; whether such variation be due 
to bad depths, irregularity in the action of the motor, or to the 
number of parts that the clock is called upon to move, etc. ; 
but this correcting effect must bo applied with discretion 
since it involves some inconveniences ( 933 ). 

1014 . — Length of crutch; consequence of its being suppressed 
that has not before been noticed. It is not a matter of indifference 
whether the pendulum act in conjunction with along or a short 
crutch. By lengthening this crutch we increase the power-arm 
at the same time that the resistance-arm, measured along the 
pendulum, is increased in the same proportion ; thus, from a 
geometrical point of view, we need take no account of anything 
but the increased weight of the crutch ; we should, however, 
commit a grave error if the question were thus only regarded 
from one point of view. 

Tlie increase in weight is, in certain cases, of less import- 
ance than the choice of the point at which the force is applied along 
the pendulum rod. The problem to be considered is precisely the 
same as is discussed in 100 and the following paragraphs. 
With a given pendulum, in proportion as it is struck nearer the 
centre of percussion, it becomes more and more sensitive to varia- 
tions in the motive force, but the effect of this force on the 
.suspension-spring becomes gradually less ; hence it follows that 
reducing the length of crutch (if we ignore the effect of variations 
in the friction, shake in the crutch, the amount of which depends 
on the length of pendulum, etc.) produces the same result as 
we endeavoured to secure by a definite reduction in the length 
of escapement arm ; a result which was not in reality secured 
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unless the crutch was such as to correspond to this reduced length. 
In the details given in article 1006 , the ratio : : 1 : 14 is not 
directly comparable with proportions taken from an escapement 
with the crutch ; it implies a greater difference than the pro- 
portion : : 1 : 25 would in the case of these latter. This point 
is here raised for the first time and well deserves attention and 
careful investigation at the hands of intelligent horologists. 

In ordinary practice the mean length of the crutch is 
usually said to be between a quarter and a third the length of 
pendulum (or one fifth in the case of a seconds pendulum), 
With a view to avoid the detrimental effects due to the play of 
pivots, the variation of oil, shake of the pendulum rod in the 
crutch fork, etc., which are especially sensible with a short 
crutch, it becomes necessary to make their length considerable 
■when small pendulums are employed. The timing would be 
better if these pendulums received the impulse in a more satis- 
factory manner ( 1297 ). 

1015 . — Choice of a pendulum. — The length depends on the 
number of oscillations that it beats in an hour. If the length of 
the escapement anus is fixed, it may happen that with the given 
number of oscillations the clock can never be timed, and it 
becomes necessary to select another. 

General Rules. — I; The length of escapement arm (with suit- 
able crutch) is determined hj the point at which the pendulum is 
siifficicnthj insensillc to variations in the motive force, and convcrselg ; 
— II. The weight of the g^cndulum must he ascertained from the time it 
requires (after being displaced from the vertical by an angle 
equal to the lift) to attain to its maximum regular oscillation. This 
novel principle, which we have introduced into the practice of 
horology ( 440 ), •will give an easy means of determining the 
weights of pendulums ; for it will only be necessary to cause the 
lifting angle, the supplementary arc, weight of bob, etc., to vary, 
until the whole is so correlated that the pendulum does not 
attain to its full uniform arc cither too slowly (as happens with 
a heavy pendulum or a feeble motive force) ; nor too promptly, 
as this would point to the pendulum being too light or the 
motive force excessive. 

Wo shall do no more than give this outline of the main 
principles, which must bo supplemented by the study of well- 
proportioned clocks ; for as yet we are not in possession of a 
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sufficient number of actual observations to corroborate results^ 
obtained by calculation. 

101 6* — The usual weights of the pendulums employed 
have been indicated under each escapement. These figures wilt 
serve as a guide in practice, but they must always bo con- 
sidered subordinate to the principles already laid down, 

Kejiarks, — A change in the weight of the pendulum bob 
liters the relation subsisting between the lifting and supplement- 
ary arcs, between the length and period of the oscillation, etc . ; 
and thus all the proportions arc modified. The changes may bo 
such that one neutralizes the other and the rate remains unaltered ; 
or, one influence being in excess, the rate will be changed for 
better or worse ; either immediately or in the course of time, etc. 

Virtual or (approximately) Simple Pendiilwn . — In speaking 
of the length of pendulum, it is always the virtual length that 
is considered. This may be experimentally ascertained by 
balancing the pendulum horizontally on a knife-edge ; the 
interval between the fulcrunx and the extremity of the rod 
added to the length of suspension-spring gives the required 
dimension. This method is sufficiently exact when the rod is 
light and not much loaded at its upper end ; but when su(di is 
not the case it frequently gives a very erroneous amount and 
varies according to the nature of the suspension. 

1017* — Number of teeth and diameters of escape-wheels employed 
in modern clocJcs. 

The three sizes of movement most usually employed are 

mm. mm. 

That known as the S-in. movement (81) with escape-wheel 1!) (0*75in.) in diameter 

^ yy yy ^4 yy yy v yy 20(0*rf0 ,, ) ,, 

„ „ „ S4S, „ (101) „ „ 22(0-87,,) „ 

There is thus an increase of 1 mm. to correspond to each quarter of an inclu 

In these movements, when the escape- wheel performs 120 revolutions in an 
hoar it has 

80 teeth with a virtual pendulum of 248 mm. (0*70 ins.) 


82 
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1018 . — These experimental data are given merely as a help 
to facilitate adjustment ; for, with a given size of escape-wheel, 
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'the length of the pallet-arm is dependent on the length of pen- 
«dulum ( 1013 ), and if, on the other hand, the pendulum or, in 
other words, the number of vibrations per hour, is fixed, the size 
of the escape- wheel must be deduced from the length of pallet- 
arms, which will depend on tlie number of teeth or the arc covered 
■by the anchor. It may be determined either geometrically 
or by calculation, taking as a basis the dimensions met with in 
.an escapement that has proved to be satisfactory. 

1019 . — Arc of ihe circumference of the wheel covered hy the 
anchor^ in clocks of modern constniction ; no account being 
.taken of the number of tectli. 

Large anchor of regulators between - - 90° and 120°. 

English anchor - - „ - - C9° and 90°. 

Ordinary small anchor - „ - - 40° and C0°. 

These figures show a considerable latitude, since the arc 
varies with tlic Icnglli of the escapement arm. They will do no 
more than affoi’d the basis of a first approximation to a maker 
.desirous of designing a model escapement. 

CO^'CLUDI^’G OBSERA'ATIONS. 

1030 . — The very important part played by the suspension 
■of a pendulum renders a special article on this subject necessary'; 
it will be found in the Third Part of the work ( 1399 ). 

1031 . — It is hardly necessary to remind the reader that: — 
the centre of flexure must lie on the prolongation of the axis of 
rotation of the anchor ; — a spring suspension must be gri])ped 
•finnly and without play in the slide ; — the pendulum rod must 
neither be held too tight in the crutch-fork nor shake in it; any 
tcndcnc}' to shake in a pendulum bob resting on a nut must be 
jircvcntcd; the suspension hook that carries the pendulum 
•should have an obtuse angle and not be semi-circular, in order 
that it may hold more firndy and without a possibility of lateral 
■displacement ; — an 1, lastly, it is well to slightly round off side- 
ways the cscapc-whcc‘1 teeth, finishing them with soft charcoal, 
etc., etc. : and we will conclude with this one observation ; 
.success in the construction of clocks as well as of watches always 
depends on the arrangement as a whole ; a study of the theory, 
supplemented by the very numerous experimental data accessible 
-at the present day, will, after a few trials, infallibly lead to 
success ; but the uniformity thus attained to can only be assured 
by very careful workmanship, and this alone can prevent the vari- 
.ations of the motive force from exceeding the limits beyond which 
the escapement is incapable of maintaining the rate constant. 
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NOTES 

ON VARIOUS CLOCK ESCAPEMENTS. 

I022t — ^ESCAPEMENT OF u. DESDAYs, olso hnowu fls ilic cmnlc 
escapement. — This is represented in fig. 1 1 of plate XIII. ; it first 
appeared at the Exposition of 1827. With the exception of a 
slight difference in form, it is identical with that exhibited at 
the International Exhibition of 1851 by MacDowall, and 
described in articles 893-4. A crank escapement without 
locking faces was attempted by the Abbe Soumille in 1747. 
(Both the crank and pin are drawn too large in fig. 11.1 

1023 . — ^escapemevt or H. p. cAKNiEK. — A A and B B (fig. 12, 
plate XIII, ) are two wheels mounted on a single axis : e c is a 
semicircular disc fixed to the axis of the balance or pendulum j 
its diameter presents two edges rounded like those of a cylinder 
The point of each tooth is locked against tlie flat of c c, and the 
impulse results from the incline of a tooth pressing against one 
of the edges. 

This is a novel and legitimate combination of several of the 
features of the cylinder escapement and those of Enderlin and 
de Baufre. It was intended mainly for use in small portable or 
carriage clocks, the manufacture of which in Paris is much 
indebted to the energy of M. Gamier. The low price now 
charged for cylinder and lever escapements has prevented it 
from coming much into use. 

1024 . — ^siKciE BEAT ESTAPEMEXT witli kinffcd polUt. — ^Witli a 30- 
tooth wheel, an anchor or pin escapement and a pendulum of 
994 mm. (39" 1 ins.) a hand carried on the escape-wheel axis will 
beat seconds. In order that it might turn once in a minute with 
a 248 mm. (9'76 ins.) pendulum, we should require a 60-tooth 
or pin wheel, and this would require tlie teeth to bo very close 
together, or the wheel to be too large in proportion to the train. 
To avoid these two inconveniences what are known as single- 
beat, divided pallet, or door’s-foot escapements have been 
introduced ; their effect is to make each alternate vibration 
dumb so that with a 30-tooth wheel the hand will mark seconds. 
Fig. 9 of plate XIII. represents one of the most simple and 
usual forms of these escapements. 

A B is the anchor for a pin escape-wheel. The arm a is of 
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the ordinary construction, n carries a pallet h o, that is cradled 
or movable on pivots and always has a tendency to rise, 
through the excess of weight at h. This free pallet is held 
against the fixed pallet n by the pressure of a pin as indicated 
at 0 ; with the movement of the anchor this pin passes from the 
pallet 0 to s. The extremity of o is immediately raised until 
h 0 occupies the position x x and, on the return of the pendulum, 
the pin is thus allowed to escape; it passes over the impulse face 
of n below the pivoted pallet, and this latter is again brought by 
the succeeding pin into the position shown in the figure, A 
hand mounted on the axis of the wheel will therefore only move 
once for each two oscillations of the pendulum. 

Observation . — None of the escapements with divided or 
hinged pallets, whether working with a weight or spring, have 
given good results, although several have been made varying 
in fonn ; and this fact is due to the effects of adhesion, the 
stickiness or clogging of the oil, by which they are always in- 
fluenced in time, 

1025* OTHEK SIXCLE-EEAT ESCAPEME.XTS BEATIXC SECONDS. OuC 

of these is represented in fig, 7, plate XIII., and its mode of 
action is as folloAvs. A locking occurs at a. After the unlock- 
ing the tooth a advances slightly, and the pin n rests against 
the second locking face c. The pendulum in returning releases 
it, and the impulse is effected by the pin n pressing against the 
concave incline h ; it terminates when the tooth b is locked at 
0 , etc. 

Although simplicity and certainty of action render this 
escapement preferable to those with hinged pallets, it cannot 
be expected to secure a regularity equal to that of the anchor 
escapement of regulators. 

Obsei'vation . — A great variety of escapements, both of the 
frictional rest, detached and single-beat class, have been de- 
signed with a view to beat seconds when the pendulum measures 
only 248 mm. (9'76 ins.) ; but the results have not been satis- 
factory, It is better to give up the attempt as useless and to 
employ the ordinary escapement giving two beats in a second. 
When necessary there is no difficulty in counting every alter- 
nate beat. 

1030> — cKAviTv EscArENENTs. — Under this term are included 
a variety of escapements in which the impulse is applied to the 
pendulum by a body which acts solely in virtue of its weight, 
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that is to say of the laws of gravitation. Althougli a consider- 
able number of escapements based on this principle have been 
designed, we shall only describe one j)roj)osed by Denison. 

1037* — Denison's Gravity Escapement. — Fig. 6, plate XI., 
represents one form of this escapement. Two pallet arms t and 
E are jiivotcd at their upper ends, the imj)ulse being applied by 
the pins t, c, «, acting against the extremities of the inner arms 
«, k. The figure shows the positions of the several parts as soon 
as the pallet x has communicated an impulse to the pendulum, 
which continues its motion towards the right until the head of 
the screw m comes in contact with a pin at the lower extremity 
of the jDallet r. The resting arm or leg is then released and 
the wheel turns, impelling the pallet-arm x to x by the pin c: 
the motion of the escape-wheel is arrested by the leg a resting 
against the pallet /. The three legs are thus brought into the 
positions /, j ; and, in the return oscillation of the pendulum, 
R is carried with it until arrested when in the vertical position: 
the requisite impulse is thus applied. 

The pallet-arm x is now in a position cori'esponding to that 
of R in the figure and a similar action to that above explained 
will take place in the opposite direction. 

1038< — The pendulum never comes in contact with a 
pallet-arm mitil it has been moved from its first to the second 
resting position ; the duration of the impulse depends on the 
interval between the dotted line c and the arm x, and its amount 
varies with the weight of this arm. A fly, v v, mounted on the 
axis of the escape-wheel, reduces the impact on the locking 
pallets. 

The escape- wheel has been made with four or five legs. The 
double three-legged escapement has, however, been generally 
preferred,* and an escapement of this construction has secured 
an almost absolutely perfect rate in a turret clock of very large 
dimensions. 

• Headers that require further information on the subject of Gravity Escapements 
should consult Denison's work on Clocks, watches, and bells (Wealc’s Series). 
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Reply to certain criticism*. 

1029 . -*^In the first edition of this work the arrangement 
adopted was as follows : Escapements, depths, motors and 
miscellaneous articles. We have retained this order since 
experience has proved it to be logical. A Treatise on Horology 
of the extent and character of this work is mainly intended for 
the use of watchmakers who are already competent to make at 
any rate some parts of a watch or clock ; so that it is absolutely 
necessaiy that he know both the mode of action of the several 
escapements, and the amount of variation in the motive force 
they will admit of, while continuing to exercise their controlling or 
regulating faculty. It is only when the reader is possessed of this 
knowledge that he can advantageously study the manner in which 
force is transmitted and examine the vainous sources of power. 

If we were writing a purely elementary or descriptive 
treatise an entirely different course should be pursued : for in 
such a case it is well to follow a system similar to that through 
which every apprentice should pass, gradually advancing from 
what is easy to what is more difficult : from the barrel to the 
train and from the train to the escapement ; the case is entuely 
different, since the student is then merely required to make 
with his own hands a certain number of pieces, copying definite 
models. 

Preliminary considerations on depths. 

1030 . — Generally speaking, by the term depth we under- 
stand a system of two wheels, one of which communicates 
motion to the other by means of i^rojecting pieces or teeth 
formed on the edge of the two circles, the pi’ojections of one 
circle passing into the hollows of the other. By the term pitch 
is understood the sum of a space and a tooth. 

For distinction the larger of the two is generally known as 
a wheel, and the smaller, if it have less than twenty teeth, is 
called a pinto?/. The teeth of the larger wheel retain the name 
“ teeth,” while those of the pinion are called leaves. The solid 
centre of a pinion is known as its heart. 
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A piece that moves on an axis is termed a mobile (17), a 
name however that more especially refers to a wheel and pinion. 

1031 . — The invention of toothed gearing is of the highest 
antiquity : it was employed by the Egyptians, the Greeks and 
the Romans ; but it is not known to what degree of perfection 
they arrived. The Egyptians are generally considered to have 
been the first to employ it in machines for the measurement of 
time, and, judging from the descriptions of complicated machines 
that historians have handed down to us, the Arabians appear to^ 
have, from a very early period, possessed considerable practical 
knowledge of this subject. 

The middle ages, up to the time of the Commonwealth, do 
not seem to have introduced any special improvements in this 
important branch of Mechanics. As evidence of tliis fact it is 
enough to examine gearing of this period, when it will be seen 
that the forms of the teeth are very varied ; they show that the 
watchmakers did not follow any definite system in forming their 
depths. Some adopted particular forms after a long course of 
experiment and vexy many attempts ; othoi’s copied, more or 
less successfully, teeth that had been proved by experience to be 
satisfactory. On the whole their ti'ains were very defective, not 
going at all unless the impelling foi'ce was excessive, and indica- 
ting the time with great irregularity. It was this imperfection 
of the depths that suggested toHuyghensthoidea of aremontoir. 

Two savants, Roemur and Lahire, the first a Dane and the 
second a Frenchman, were the first to perceive, about the mid- 
dle of the 17th century, that science was able to take cogni- 
zance of the subject of depths and to lay down accui*ato 
principles for their construction. 

Camus, a member of the French Academy of Sciences, 
published a memoir on tlie subject in Thiout’s TraiU in 1741, 
and some years later he gave in his Cours dc Mathemaiiques tho 
most complete treatise we possess on this subject. 

F. Berthoud and Le Roy demonstrated experimentally the 
excellence of the laws given by theory; and Lalando consi- 
dered the subject of deptlis in an exact manner, but without the 
use of high mathematics, in Lepaute’s work published in 1767. 

Moinet* has, more recently, enriched the theory of depths 

* Louis Moinet, who was bom at Bourgesin 1768 and died in 1853, was a highlj 
intelligent and distinguished professor of the arts, a Tery clever amateur in horology 
and a skilful writer ; at the age of 75 he published a Traiti d'horlogeri 9 . It ia 
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by the publication of several practical methods that satisfy the 
requirements of theory, and, in England, Airy and Willis have 
considered the subject both from a theoretical and practical 
point of view. 

103‘2. — It was not our original intention to consider the 
subject of depths in this work. For what could we say about it 
that has not already been said far better by others ? But a long 
experience of watchmakers has convinced us that, from their 
point of view, some authors are incomplete, others too fond of 
geometrical formulae, while others are so wanting in method 
that the reader soon becomes wearied and gives up the study r 
for it must be remembered that a workman is not accustomed to 
study and has but little time to devote to it. Nearly all these 
authors, moreover, abstain from giving practical details and 
methods, although these arc so useful and so scarce and are- 
especially inaccessible to young watchmakers. The practical 
portion will therefore be brought into special prominence in the 
following pages ; as to the theory, we will confine ourselves to 
simplifying and explaining as clearly as possible the principles 
that have been so fortunately discovered by the authors above 
referred to. 


INTRODUCTION 
TO THE STUDY OF DEPTHS. 

— As the action of a depth is in reality nothing more 
than that of a series of levers succeeding each other without 
appreciable intervals, we must remind the reader that the 
general theory of the lever can be summarized as follows (56) : 
in every lever, wherever the fulcrum he situated, the power is to the 
resistance in the inverse ratio of the lenyths of their arms ; and we 
would refer him to the Elements of applied meehanics at the com- 
mencement of the work, which are rendered more complete by 
the several articles that follow, relating to the bent lever, 
friction, and the mathematical curves that are most frequently 
employed in depths. 

The Bent lever. 

1034 * — ^When a lever is not a straight rod, the actual length 
of the arms does not accurately indicate the ratio of the power 

mucl) to be regretted that this in many ways excellent work, which however was 
landertaken too late in life, was marred by the infirmity of its author and perhaps, 
also by the very serious difficulties that stood in the way of its publication. 
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to the resistance. This ratio may be determined by comparing 
the virtual length of the lever arms. 

If the direction of the force is known, the virtual length is 
the length of a line drawn from the fulcrum perpendicular to 
this direction. 

Thus if the direction of the forces applied to the arms arc, 
A E N f fig. 64) of two bent levers be indicated by the linos c s, n c, 

.,( I! 

X ' ' ' 

. - y-' *’ :( 

n c i--' -• 

Fig. 64. 

the powers of the levers are compared by reference not to the 
arms arc, a r n, but to the virtual arms a b c, a c. 


Friction at Vcptlis. 

1035. — Paragraph 105 draws a distinction between the 
character of the friction according as the ])oint of contact of tlu* 
two levers is advancing towards the lino of centres or recc'ding 
from it; the two kinds arc called respectively engaging and dis- 
engaging friction. The following practical cxidanation has been 
given of the effects produced by the two kinds : 

All bodies, however highly they be polished, arc covered 
with innumerable minute irregularities, due to the pores that exist 
between the molecules constituting the body and the manner in 
which these molecules arrange themselves in accordance ■with 
their chemical affinities. This roughness, although quite insensibh* 
to the touch, is yet visible in the great majority of bodies by the 
aid of optical instruments; it can never bo jjerfcctly removed in 
<!Onsequenee of the imperfectness of our means of polishing. 

When the two surfaces arc pressed one against the other 
the asperities of the one engage with those of the other, and 
thus a resistance is opposed to their motion when in contact. 
If this sliding action be caused to take j>lacc several times in 
succession, a fine dust or powder is found between the two sur- 
faces, resulting from the breaking off of projecting points, and 
it is evidence that wear has commenced. 

This being granted, assume a and b (fig. 8, plate XIV.) to 
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be two teeth, the asperities of which have been purposely exag- 
gerated in order to illustrate our explanations. If the tooth a 
impel B while moving away from the line of centres, in other 
words towards the right, the action will not be opposed by any 
great resistance ; but such is not the case when b is impelling a 
towards the lino of centres, that is, to the left : for then the 
roughnesses will butt against each other, and, in order that the 
movement may continue, it will be necessary that they be 
stripped off; a much greater force will therefore be required 
than when the movement takes place in the opposite direction. 
Moreover, however fine the irregularities be, there must be moro 
rapid wear in the second case than in the first, since at each 
engagement the projections arc thus stripped off. Everyone 
knows how different is the force required to draw a body along 
from that necessary to push it with an inclined handle. 

The effect under consideration is strictly comparable on a 
.small scale with that of a ratchet wheel and side spring. The 
foraier will move easily when turned in one direction but can- 
not bo rotated in the opposite direction except by stripping oft* 
the teeth in succession. 

1030. — AVe had intended to discuss the question of friction 
in some detail, but this would occupy too much space to be in 
keeping with the rest of the work, and Ave are therefore com- 
pelled to merely summarize tins important subject. 

If metallic surfaces be examined by the aid of a microscope 
of considerable magnifying power, it will be seen that they do 
not all present the same appearance ; the texture of some seems 
to resemble a collection of small spherical molecules, while 
others seem to be covered Avith a nmnber of flaws. Hence they 
differ as regards friction, which varies, not only with the mole- 
cular nature of the surfaces, but also according as their move- 
ment is continuous or intermittent; for the condition of the 
surfaces, as depending on the heat and pressure due to friction, 
will be modified if there Is a period of rest. 

It is in part to this cause that •w'c must attribute the change 
observed in the rate of a chronometer that has not been going 
for some time. 

We would direct the attention of our more skilful fellow- 
workers to these delicate phenomena; and, if our very numerous 
duties permit of it, wo hope to revert in a subsequent work to 
the subject, which is so full of interest. 
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On the curvcii that; arc moiit usually employed in depths. 

THE CYCLOID, EPICYCLOID AND HYPOCYCLOID. 

1037 . — If a circle of wood, metal or cardboard be caused to 
roll, without slipping, along a straight rule, the circle carrying 
a point of a pencil at the point a (fig 8, plate XIII.), where the 
circle and rule are, in the first instance, in contact, this generating 
point, a, will trace out, on a sheet of paper jjreviously placed 
underneath, the curve ah c. 

This curve, known as a cycloid, is, then, the curve generated 
by any given point in a circle when rolling along a straight line 

1038 . — If a circle be caused to roll on the external side of 
the circumference of another circle, the generating point e (fig. 
18, plate XIII.) will trace out the curve efg, which is IcnoTvm as 
an epicycloid; and if it roll in the inside, the curve will have the 
form m n p, termed a hypocgcloid. 

Those who are not acquainted with geometry may obtain 
a clear idea of the manner in which these several curves arc 
generated by cutting out discs and circular holes in cardboard, 
and moving them in the manner indicated on a sheet of white 
paper. 

1039 . — Properties of these curves. — One very remarkable 
property is common to all three curves. A straight line passing 
through the generating point, o (fig. 18), and the point at which 
the circle and straight line (or the two circles) touch is always 
perpendicular to the curve, that is to its tangent. 

As will be shown in article 1087 , the advantages secured 
by forming the teeth of wheels to correspond to these curves are 
in great part due to this important j)roperty. 

THE INVOLUTE OF A CIBCLE. 

1040 . — The involute of a circle is a plane curve generated 
by a point on a straight rule adjusted to move, without slipping, 
round a circle, to which it always remains tangential. 

Suppose a thread to be wound round a fixed circle, and, 
holding this string by its extremity a (fig. 3, plate XIII.), uni’oll 
it, always keeping the string stretched ; the point a will pass 
through d, a, d", etc., and will trace out the involute, for a 
stretched string will satisfy all the conditions of a straight rule 
moving as above explained. 

The normals (or perpendiculars) to the involute of a circle 
are always tangents to the fixed circle. 
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THE HELIX. 

1041 « — The helix is a curve of double curvature generated 
by the point of contact of a straight incline when moving round 
a cylinder. 

Let hcfd (fig. 1, plate XIII.) be a rectangular sheet of 
some flexible substance. If, after having drawn on it the 
inclines e, w, w, w, the sheet bo coiled round a cylinder of the 
same height, the length of whose circumference is equal to d /, 
the inclined planes will trace out a gradually ascending con- 
tinuous curve, n n » , on the cylinder. This curve is known 
as a helix. 

The ordinary screw is based on this principle of the inclined 
plane ; the first drawing (fig. 1), with only one line traversing 
the cylinder, corresponds to a single threaded screw. The 
pikh of this screw is the total height of a hollow and thread. 

If a number of lines, such as x, c (fig. 1), or y, A, / 
(fig. 2), divide the width of the rectangle instead of its height 
into equal parts, we shall obtain a screw with several threads 
or the pinion of a helical depth. The jfnVc/i of a screw with 
several threads is the height through which any given thread 
ascends with one tmn of the screw. 

The primitive or geometrical circles and diameters. 

The points or curves of teeth. 

1043 . — In every depth the curved portions, both of the 
leaves and teeth, which are known as the points or curves, 
always project beyond the two circles A and b (fig. 4, plate XIII.) 
that are tangential to one another at the jioiiit o on the line of 
centres. In discussing any dcjith we start with the supposition 
that if these two cii'clcs were to roll on each other without fric- 
tion the depth would be perfect or primitive. Hence they are 
known as the primitive, geometrical or pitch circles, and their 
diameters and radii are also called geometrical or primitive. 

1043 . — Thus in every wheel or pinion it is important to 
remember that the total diameter is the primitive diameter plus 
twice the height of the point. 

As the uniformity of the lead depends mainly on the detor«- 
mination of these pitch circles, we would warn our readers that 
a knowledge of the two diameters, the primitive and total, and 
the careful distinction of the one from the other is of the 
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greatest importance, not solely in order to understand the 
theory of depths but also to make useful practical applications 
of this theory. 

The point of a tooth is occasionally termed the ogiocy while 
that of a loaf is called the rounding^ on account of the fbnns they 
generally have in horological mechanism. 

CIMUKATION or THE VELOfITIES OF MOVEKEST OF THE SEVEDAL FABTS OF A TKAIN. 

To wliicb is added the ealculatfoii of the number of 
vibrations of a balnnee. 

1044 . — In this portion of our discussion of the theory wo 
propose to consider the relative number of rotations of the 
several mobiles and, as a necessary consequence of these pro- 
portions, the number of teeth and leaves of the wheels and 
pinions; subjects which must, of course, be examined before 
we proceed to ascertain what are the best forms to give to the 
acting surfaces. 

natio of the primitive diameter to the number of teeth. 

1045 . — If one wheel drive another by the mere contact of 
their two circumferences (fig. 20, plate XIII.), it is not difficult 
to see that, if there be no slipping, each portion of the driving 
wheel will advance an equal portion of the circumference of that 
driven, so that, if this latter has a circumference equal to half 
that of the former, the smaller wheel will rotate twice for each 
rotation of the larger. We know from geometry that the cir- 
cumferences of circles are in proportion to their radii or 
diameters; hence it follows that, as the larger radius is to the 
smaller, so will the number of revolutions of the small wheel 
be to those of the larger. Thus the revolutions of the two 
wheels are in the inverse ratio of their primitive diameters or pitch 
circles. 

1040 . — ^As will have been seen, this method ^ transmit- 
ting motion is only a theoretical assumption, and ft will be 
easily understood that, if the circumferences are not provided 
with teeth, irregularities duo to slipping will occur. Wh^ji the 
two wheels are thus indented it will be necessary, in order ffiat 
the depth may give a uniform lead, that, throughout the entire 
period the tooth impels the leaf, each portion of the pitch circle 
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of the wheel should impel an equal length of the pitch circle of 
the pinion. 

1047t — Now since a tooth and space of the wheel should 
occupy the same interval, measured along the pitch circle, as a 
leaf and space of the pinion do along its pitch circle, it neces- 
sarily follows that, whatever number of times the total number 
of these small arcs (each corresponding to a leaf and space) 
of the pinion pitch circle is contained in the primitive circum- 
ference of the wheel, so many rotations will the pinion make 
for each rotation of the wheel ; hence it further follows that the 
small pitch circle is to the large one as the number of leaves is 
to the number of teeth. 

It is somewhat difficult to measure the circumference; but, 
as we have already seen that the circumferences are to each 
other as their diameters, the one may be substituted for the 
other, and we conclude that: 

When a wheel and pinion are pitched together, the primitive 
diameter of the wheel is to that of the pinion as the number of teeth is 
to the number of leaves. 

Thus to secure a satisfactory depth between a wheel of 
60 teeth and a pinion of 10 leaves, their primitive diameters 
should be in the ratio of 60 to 10, that is to say the primitive 
diameter of the wheel is 6 times that of the pinion. 

1048t — This rule connecting the number of teeth and the 
primitive diameters is a fimdamental law. If the proportion 
does not exist, it inevitably follows that a tooth and space 
on the circumference of the wheel will occupy a greater or less 
space than they do on that of the pinion, and no uniformity can 
be maintained in the lead, which will be accompanied by slip- 
ping, drops, catchings, etc. ; for it may be well to point out, at 
the outset, that a pinion is not too large or too small imless 
its primitive diameter is at fault. 

To determine the primitive diameters for a ^iven depth.. 

Two main cases can occur and these we will present in the 
form of questions: either we know nothing but the distance 
between the two centres and the numbers of the two mobiles, or 
it is necessary to adapt a pinion with a given number of leaves 
to a wheel that is already made. 

1049. — First Question. — The distance between the centres oj 
the wheel and pinion (measured on the calliper of the clod or watch) 
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being known, as well as the numbers of teeth and leaves^ how can we 
ascertain the length of each geometrical radius ? 

Let CO mm. be the distance between the centres, the wheel 
having 32 teeth and the pinion 8 leaves. 

Remembering the ratio that should exist between the primi- 
tive diameters and the numbers of the teeth, and observing that 
the 60 mm. is the sum of the two primitive radii, state the 
proportion as follows : 

The two numbers taken together (32 + 8) are to the two 
radii taken together (60) as the greater number (32) is to the 
greater radius (z, that is to say an unknown quantity).* 

The proportion then is, 40 : 60 : : 32 : a?. 

In every proportion the product of the extremes (40 x z) 
is equal to the product of the means (60 x 32), and if one of 
these products (60 x 30, or that in which both terms are known) 
bo divided by the known term (40) of the other product, the 
value of z will be obtained. 

60 X 32 - 1920 .-. ar = = 48. 

Thus 48 mm. is the geometrical radius of the wheel, and 
60-48, or 12 mm. is that of the pinion. As wo have seen, the 
primitive diameters will be obtained by doubling these radii, so 
that the diameters required are 96 and 24 mm. respectively 
( 1052 ). 

1050 < — Another mode of determining the primitive radii 
is given in article 1103 . 

1051 • — Second Question. — A wheel being given ready made, as 
well as the number of leaves of a pinion, to find the geometrical diameter 
of this latter ? 

Let the wheel have 50 teeth and a primitive diameter of 
20 mm., and let it be required to pitch it with a pinion of 10 
leaves. 

As in the previous case, we shall have, in virtue of the pro- 
portion that subsists between the numbers of teeth and the 
primitive diameters ; 

50 : 10 : : 20 : rr. 10x20 = 200 .*. a: = 4. 
nr the geometrical diameter of the pinion is 4 mm. 

1052 . — These examples will suffice ; for whatever the 
problem under consideration may be, it always resolves itself 


* We may take the two diameters or the two radii indifferently as is most con- 
venient. For the radius of a circle is always half its diameter and thus the ratio 
remains the same. 
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into the determination of one term in the following proportion: 
The primitive diameter of the wheel is to that of the pinion as 
the number of teeth is to the number of leaves. 

We would invite all watchmakers to accustom themselves 
to the theory of proportions, the study of which is by no means 
difficult. This theory is capable of affording immense assistance 
in the daily work of a watchmaker. 

To calculate the velocities in a train of wheels. 

I^umber of reTolutions of the escape-wheel. 

1053 . — The solution of this problem consists in finding the 
velocity of any given wheel as compared with that of another, 
which is looked upon as the first : for instance, the velocity of 
the pinion of the escape-wheel, or the number of rotations of this 
wheel in an hour, that is, while the wheel that carries the minute- 
hand makes one revolution. The calculation will involve three 
wheels ; the centre wheel and the two that follow and the three 
pinions that engage with them. 

1054 . — Before considering the proof we will give the 
general rule. 

In order to ascertain the velocity of any given mobile in a 
train, multiply together the number of teetti in all the wheels that 
precede it, and divide this product by the product of all the leaves 
of the pinions that engage with the several wheels ; the quotient 
gives the number of revolutions of the last mobile that correspond 
to one revolution of the first. 

Let it be required to ascertain the number of rotations per 
hour of the escape-wheel in the following train of a watch. 
Centre wheel, 70 teeth, engaging into a pinion of 10 leaves. 
Third „ 64 „ „ „ 8 „ 

Fourth „ 60 „ „ „ 6 „ 

The last pinion being that of the escape-wheel. 

The centre wheel carries the minute-hand and must there- 
fore make one revolution per hour. It has 70 teeth and engages 
with a pinion of 10 leaves, so that this pinion makes or 7 
revolutions in an hour ; the third wheel, riveted to this pinion, 
of course makes the same number. 

This third wheel has 64 teeth and engages with a pinion 
of 8 leaves, so the pinion makes “ or 8 revolutions for each one 
of the third wheel : but this latter makes 7 in an hour ; there- 
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fore the pinion must make 7 x 8 or 56, as does also the fourth 
wheel which is carried by this pinion. 

The fourth wheel has 60 teeth and, engaging with a pinion 
of 6 leaves, will cause it to make 10 revolutions for each one of 
the wheel. And the wheel makes 56; therefore the pinion 
makes 560 in an hour. 

Thus the escape-wheel, carried by this pinion, makes 560 
revolutions in an hour, that is while the centre wheel j)erforms 
one revolution. 

1055 . — As will be easily seen, the preceding operation is 
nothing more than a series of divisions and multiplications, and 
a similar result would be arrived at by multiplying together the 
numbers of teeth of the wheels and dividing this product by 
that of the leaves of the three pinions engaging with them ; the 
quotient would give the number of revolutions of the escape- 
wheel pinion and of the escape-wheel which is riveted to it. 
The first product will be found to be 268,800 and the second 
480 ; the quotient therefore is 560, identical with that previously 
obtained. 

To calculate the number of vibrations of the pendulum of 
u clock or balance of a 'ivatch. 

1056 . — ^Wlien the number of revolutions of the escape- 
wheel is known it is easy to ascertain the number of vibra- 
tions, for we know that each tooth of the escape-wheel gives 
rise to two vibrations of the balance ; it is only necessary, 
therefore, to multiply the number of revolutions by twice 
the number of teeth of this escape-wheel to obtain the required 
number. 

Assume the wheel to have 14 teeth ; we shall have 28 x 500 
or 15,680 vibrations in an hour. 

If it have 15 teeth, there will be 30 x 560 or 16,800 
vibrations. 

And with 16 teeth, 17,920 vibrations. 

1057 . — To sum up. — In order to determine the number of 
vibrations of a balance or pendulum per hour (that is, during 
each revolution of the wheel that carries the minute-hand), 
multiply together the numbers of teeth of the wheels from the minute- 
wheel inclusive, and divide the resulting product by the prodti,ct of 
the leaves of the pinions that engage with them. As the quotient 
gives the number of revolutions of the escape-wheel per hour. 
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it M then only necessary to multiply this number by twice the number 
of teeth in the escape-wheel^ and we obtain the vibrations of the balance 
in an hour.* 

1058. — The reader can practice himself by calculating the 
numbers in the following trains; they are very frequently 
adopted for watches. 


Centre 

wheel. 

Third 

wheel. 

Fourth 

wheel. 

Pinions* 

Escape- 

wheel. 

Tibrations of 
Balance. 

80 

60 

54 

10, 8, 6 

15 

16,200 

70 

64 

54 

10, 8, 6 

15 

16,416 

78 

66 

60 

10, 8, 6 

15 

19,305 

68 

60 

58 

8, 8, 6 

15 

18,487 

64 

60 

60 

8, 8, 6 

15 

18,000 

68 

60 

56 

8, 8, 6 

15 

17,850 

06 

50 

50 

6, 6, 6 

14 

18,148 

06 

52 

52 

6, 6, G 

14 

19,628 

0.'3 

52 

52 

6, 6, 6 

14 

20,830 


1059. — Cloclcs . — All the preceding rules are equally ap- 
plicable to the trains of clocks, which at the present day are 
usually so arranged as to give 120 revolutions of the escape- 
wheel in an hour. The number of its teeth is varied in accord- 
ance witli the data contained in the table giving the lengths of 
pendulums that correspond to the varying number of vibrations 
per hour (page 814). 

1060. — Observations . — Wlien the product of the teeth is in- 
creased as compared with that of the leaves, the number of 
vibrations becomes greater. If then a watch cannot be regulated 
■on account of its having an insufficient number of vibrations, it 
will be necessary either to replace one of the wheels of the train 
by another of higher number of teeth or to let it engage with 
a pinion of lower number, in other words, one that is smaller. 

Thus in the example of article 1054, if the centre wheel 
of 70 teeth be replaced by one of 75 and the 10-leaved pinion by 
•one of 8 leaves we shall have 750 revolutions of the escape wheel 
in the same time as there were previously only 560. 

It will of course be evident that such a change in a watch 
involves the use of a different balance-spring, and in a clock a 
•change in the length of the pendulum. 

* Other methods are employed to irriTe at this same result, hut, with the 
.exception of a few special cases, they hare no adrantage orer that given above : it ia 
iherefore unnecessary to consider them. 
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It is generally better to adopt the method here indicated 
rather than to increase either the diameter or number of teeth 
of the escape-wheel. 

To calculate the time of going of a watch or clock, the 
number of teeth of a going barrel, Ac. 

1001 , — Calculations of this kind do not present any diffi- 
culty; before laying down the mode of procedure a simple ex- 
planation is necessary. 

It is necessary to commence from the axis or pinion that 
carries the minute-hand and therefore makes one revolution in an 
hour. Thus if a watch is required to go for 30 hours, the barrel 
must cause the centre pinion to rotate 30 times while the main- 
spring runs down ; or, rather, during the four revolutions that are 
allowed by the stop-work. 

Assume the pinion to have 10 leaves ; each leaf corresponds 
to a tooth of the barrel and thus 300 teeth must pass in the 30 
hours. 

Now if the stop-work allows of four complete rotations of the 
key, it is clear that these 300 teeth must be given by four revo- 
lutions of the barrel ; that is to say the barrel must have ^ or 
75 teeth. 

Keeping the same barrel and stop- work, if the 10-lcaved 
pinion be replaced by one of 7, 8 or 9, the period of going will be 
gradually increased, and, conversely, it will be diminished if 
pinions with 11, 12, etc., leaves be employed. This is evident. 

1063 , — To recapitulate then; in order to ascertain the 
number of hours that a watch will go, multiply the mmher of teeth 
of the barrel by the number of turns allowed by the stop-ioorh (or the 
turns of the spring if no stop-work exists) and divide the product 
by the number of leaves of the centre pinion; the quotient gives the 
required period in hours. 

I\xample. — A barrel has 80 teeth and its stop-work gives 4 
turns; the centre pinion has 12 leaves. 

80 X 4 = 320; this number divided by 12 gives 26‘6, that 
is to say 26-6 hours, or 2G hours 36 minutes. 

1063 , — Conversely. — If it be required to determine tho'. 
number of teeth of the barrel in order that the watch may go 
for a certain number of hours, multiply the number of hours by the- 
number of leavee of the pinion^ and divide by the number of turns ‘ 
allowed by the stop work. 
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Example. — Let a watch be required to go for 30 hours with 
a centre pinion of 8 leaves and a mainspring that makes four 
complete turns: the number of hours (30) multiplied by the 
number of loaves (8) gives 240, and this product divided by 4 
gives a quotient, 60 ; this is the required number of teeth of the 
barrel. 

1064* — Ear a watch with a fusee proceed as if the fusee were 
the going barrel, and ascertain the number of turns of the fusee 
that correspond to the uncoiling of the chain from the barrel. 

1065t — To calculate the time of going of a clock. — The calcu- 
lation is similar but slightly more complicated, owing to the 
existence of an additional mobile. 

Multiply the number of teeth of the barrel by the turns of 
the mainspring (or stop-work) and this product by the number 
of teeth in the time wheel, intermediate between the barrel and 
minute-wheel pinion. The resulting product is then divided by 
the product of the leaves of the two pinions, and the quotient 
gives the number of revolutions of the centre wheel. If this be 
divided by 24 we obtain the number of days that the clock will 
go, and there will generally be a fraction over, that should bo 
converted into hours and minutes. 

1060. — For a Turret Clock, multiply the teeth of the first 
wheel by the number of times the cord is wound round the 
drum, etc. 

1007. — It docs not enter into the province of this work to 
calculate complicated trains of wheels, such, for example, as 
those of orreries. Horologists that wish to occupy themselves 
with mechanisms of this class should have recourse to the works 
of A. Janvier* and to an excellent treatise published by M. 
Achille Brocot, entitled: Calcul des rouages par approximation, 

CALrri.ATION OF THE FORCF TRANSMITTED BY A TRAIN OF WIIEEES. 

1008. — We will assume the train to remain in a statical 
condition, that is to say the power and the resistance (represented 
by two weights suspended from the circumference of the first 
and last wheel) maintain equilibrium. All the several lever 
arms are considered to be engaging on the lines of centres and 

• Antide Janyier was born at Saint-Claude-du-Jura in 1761 and died in 1836. 
He wai celebrated for his ikill in representing planetary movements by the aid of 
mechaniim. H is singular skill was supplemented by profound mathematical knowledge. 
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the teeth to be of such a form that the conditions of the trans- 
mission of motion are the same as if the two pitch circles were 
rolling in contact (fig. 19, plate XIII.). 

We will first give the principles on which the calculation 
is based. 

1069.— In a train consisting of wheels and pinions, ihe power 
IS to the resistance as the product of the radii of the pinions is to 
the product of the radii of the wheels^ if we neglect friction. 

1070< — The approximate ratio of th^ power to the resistance^ 
ignoring friction^ may he found hy measuring the space traversed by 
the two forces: these forces are to each other inversely as the spaces (37). 

1071. — Let A, 1 $, c, D (fig. 19, plate XIIL), be a train of 
wheels. Take the half -millimetre as a unit of measurement of 
the diameters, and assume a weight of 160 grammes to be 
suspended to the circumference of a. 

As this wheel, with a radius 20, has its two opposite lever 
arms of equal length, we may replace it by one of greater or 
less diameter, providing its weight remains the same ; we will, 
then, assume the motive force to be applied tangentially to the 
circumference of the pinion p* 

The radius of b (16) is four times that oip (4). Thus the 
force transmitted by b is reduced by three quarters, that is to say 
it becomes 40 grammes. The radii of c (12) and n (10) are 
respectively four and five times the radii of their pinions, p' (3) 
and p" (2). The force transmitted by c is, then, only a quarter 
of 40, or 10, and that transmitted by d is a fifth of 10, or 2. 

If then a weight of 2 grammes be suspended from the 
circumference of d, it will balance a weight of 160 grammes at 
the circumference of a. The power is to the resistance : : 1 : 80. 

1073.— By calculation we should have had. 

Product of the radii of wheels 16x12x10 |1 1920 
„ ,, „ pinions 4x 3x 2= 24 

Hence (1069) p : r : : 24 : 1920 

And we have 24 : 1920 : : 1 : a? a? == 80. 

This shows that a force of 1 applied at the circumference 
of the last mobile, d, will neutralize a resistance or force of 80 

• A wheel that receives and transmits force with arms of the same radius, which 
is ofiben termed an idle wheels does not enter into a calculation of the force transmitted 
since it only serves to alter its direction. It gives up all the force that it has received 
with the exception of the small amount needful to set it in motion. 
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applied tangentially to the first pinion, or, in other words, to 
the circumference of the wheel a ; the result, then, is identical 
in the two cases. 

1073t — On calculating the velocities of the wheels we see 
that D makes 160 revolutions while A makes 1. To determine 
the space traversed by a point on the circumference of a in the 
one revolution, we have (137), 40 x 3*14x1 =125*6 ; and for a 
point on the circumference of D during the 160 revolutions, 
20x3*14x160 = 10048. But 125*6 : 10048 : : 1 : 80. The 
result, then, is the same as above (1070). (See the footnote on 
page 594.) 

1074. — If the motor, instead of acting at the circumference 
of A, be applied at that of a pinion or pulley s on the axis of A, 
the discussion would be identical with that given above, except 
that the driWng weight should vary in the inverse ratio of the 
two radii rra, r s. It will simply amount to taking s as the point 
at which the force is applied. 

1075. — Observations. — In all the preceding calculations we 
have ignored the effect of friction ; as a rule it absorbs in 
machines about a third of the driving power ; but considerable 
divergence from this estimate must be looked for in horology. 
For, in consequence of the motive force being very slight, the 
resistance due to friction varies between very wide limits, as it 
depends on the nature of the materials employed, their hardness 
and degree of polish ; the accurate adjustment of the depths, 
weight of the several mobiles, state of the oil, &c. If it be 
required to determine the amount of force that is dissipated wath 
greater accuracy, it would be best to feel the pressure exerted 
at the extremity of a tooth of the escape-wheel by means of a 
very delicate lever, adjusted so as to balance this pressure. 

1076. — By such means as these we can ascertain with a 
sufficient degree of accuracy the force exerted at the circum- 
ference of a wheel, in other words the statical pressiu*e avail- 
able at the extremity of an escape-wheel tooth. 

The intensity of the action on the balance of this wheel 
when in motion, assuming it to occur uniformly, without impact 
or friction, would be given by multiplying the statical pressure 
by the square of its velocity. Hence it follows that the maxi- 
mum effect will be obtained when the escape-wheel so acts on 
the balance as to reduce the resolution of force to a minimum, 
And to allow of the wheel acquiring, during the short period of 
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its motion, a velocity that is relatively sufficient ( 28 ). We 
cannot advantageously discuss this question further ; its theo- 
retical consideration requires all the resources of analysis, and, 
even if such a solution -were obtained, it could only serve as a 
guide to an experimental method, because the instantaneousness 
of certain effects prevents our appreciating them, and the resist- 
ances due to friction, etc., in very small mechanism cannot, at 
the present day, be represented by any reliable figures. 

1077 . — From this brief discussion of the subject it will be 
seen that the designing of an escapement, a calliper, etc., not 
only requires a prolonged practical experience of horological 
mechanism, but also considerable theoretical knowledge; and we 
would take this opportunity of pointing out to those who occupy 
themselves with mechanisms that are complicated or intended 
to go for a long period, that, if their efforts are often unsuc- 
cessful, it is due to their inability to appreciate the increase in 
the motive force that is rendered necessary through the waste of 
energy in various ways, although the necessary calculation is, 
as we have seen, easily made; they, moreover, ignore the 
fact that adhesion, friction, stickiness of oil, especially between 
the coils of the mainspring, etc., further give rise to so many 
obstacles and to so much irregularity that the angular movements 
become slower and the spaces traversed in a given time become less. 
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CHAPTER I. 

PRUVCIPLES 0]V WHICH A DEPTH IS COASTBCCTED. 

TAUIOCS KINDS OF DEPTHS. 

Tbc forms of the teeth and leaves of mobiles* 

10*8. — Since a depth is, as we liave already seen, nothing' 
more than a system of pairs of levers succeeding each other 
without sensible intervals, it follows that this depth will he as 
nearly as possible perfect when : 

The power arm and the resistance arm, acting at or very 
near to the line of centres, remain of the same relative lengths 
through the entire lead ; neglecting friction, this would cause 
the amount of force transmitted to remain constant. 

The velocities of motion are uniform and the pressure on 
the acting surfaces invariable ; 

And, lastly, the friction is reduced to a minimum and is 
disengaging. 

10*0. — We have already stated (1045) that if a wheel 
could drive another wheel by the mere contact or slight pressure 
of their circumferences (fig. 20, plate XIII.), we should have a 
perfect depth, because : (1) it would be accomplished by contact 
and without friction; (2) the radii of power and resistance 
being simply the radii of the two wheels, the ratio between 
these two forces would remain invariable ; (3) the power would 
always act exactly in the opposite direction to the re.si8tance ; (4) 
the velocities would be uniform, since each portion of the circum- 
ference of the driving wheel would carry forward an equal por- 
tion of that of the other wheel ; and (5) the pressure would 
remain constant. 




Fiff. 05. 

— It has been shown in article 104tt why this method 
of transmitting force cannot be made available in practice ; and 
the necessity for providing the circumference with teeth was. 
also explained. 
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Let US now consider two levers, having their fulcra or axes 
of rotation at the points b and c (fig. 65), the middle points of 
the lines e a, ad, and let the extremities d and e be circular 
arcs concentric with these axes of rotation ; it will be seen that 
this system accurately represents the case of two teeth of a 
depth where the teeth are left square, thus corresponding to 
straight levers. 

We would observe, before proceeding further, that if any 
movement be imparted to the levers, it will not in any way 
modify the length of the arms c D, b e, but these will always 
remain the same, each being the radius of its own circle. We 
have, then, only to consider the two arms a c and b k. 

If a movement be communicated to the longer arm, A c, so 
as to carry the point A to the short arm, b k, will move into 
the position b i. In the first instance the acting arms are A c 
and A B ; at the termination of the movement above indicated 
one of them, A c, has retained its initial length, whereas the 
other has been increased by the quantity o i. Evidently this 
difference in the length of the arms must occasion a correspond- 
ing change in the relation of the power to the resistance, and the 
initial equilibrium will thus be disturbed. 



The velocities, moreover, change ; for, if the long arm be 
assumed to move with a uniform velocity, the movement of the 
short arm becomes gradually slower, as will be easily seen from an 
examination of fig. 66, where the equal circular arcs i b, bcj c d, 
etc., traversed by the extremity of the long lever arm, corres- 
pond to the gradually diminishing angles u m h, h m g m 
otc., traversed in equal intervals of time by the short arm. 

1081i — ^Whenever a straight lever acts on another straight 
lever those inconveniences are experienced ; but such is not the 
•case if, for one of the straight levers, we substitute a bent lever 
of such a form that, when the curved portion a e (fig. 66) impels 
the short arm b a, we always find (at whatever position they 
be considered): (1) that the short (virtual) arm b o (measuring 
irom B to the point of contact, d) is to the long (virtual) arm h c, 
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as B A is to A c ; and (2) that the arc a o, traversed by the arm 
B A, is equal to the arc described by the point a of the long arm. 
The problem would then be completely solved, for the power 
and resistance would always remain in the same proportion, as 
would also the velocities. 

Among the several curves that are applicable to depths, 
four possess special interest to the watchmaker : these have been 
explained in articles 1037, 1040 and 1041, and they are 
employed in forming teeth that are termed helical, involute, 
cycloidal and epicycloidal. 

HELICAL TEETH. 

1083. — Helical teeth, when formed in accordance with the 
conditions laid down by James White, act on the line of centres 
or at least infinitely near to it, without impacts and by the mere 
superposition of the points of contact, in other words by 
pressure and rolling without any sliding friction. They satisfy 
all the demands of theory ; but experience shows that, when 
the pressure is considerable, the acting surfaces, being of small 
extent, scratch each other ; whereas, at the last mobiles of a 
horological train, where the pressure is slight, any dust or 
foreign matter settling on the surfaces will remain there, in 
consequence of the action consisting in a mere superposition ; 
ultimately forming a layer that gives rise to adhesion between 
these surfaces. 

An ordinary depth is not subject to such an inconvenience; 
for, however slight its friction may be, it will suffice for a long 
time to force particles of dust, etc., away from the surfaces of 
contact. 

Although helical teeth have not satisfied the expectations of 
some watchmakers, they may nevei’theless be employed with 
advantage when the movement of a train of wheels is required 
to take place uniformly, without impacts and with a minimum 
of noise (Chapter VI.). 

INVOLUTE TEETH. 

1083« — The depth in which the points of the teeth are 
involutes of circles transmits the motion with a constant pressure 
and without any modification or loss of power; a fact that is due 
to the property of this curve (already indicated in article 1040) 
in virtue of which the two virtual radii of power and resistance 
are always equal to the primitive or geometrical radii. 
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This remarkable property would have rendered the involute 
preferable to epicycloidal and hypocycloidal teeth if it had been 
possible to form the teeth and leaves accxirately in accordance 
with the required curve. By employing an apparatus termed 
the Arrondisseur dc precision, an improved rounding-up tool which 
we have invented, such teeth might be made, but it would be 
necessary also to polish the leaves of pinions on the tool ; and 
such a mode of proceeding would be impracticable so long as 
watches are produced in large quantities as at the present day. 

When a wheel is called upon to drive several pinions, invo- 
lute teeth should be adopted, since the forms of epicycloidal 
teeth vary in accordance with the size of pinion. 

Involute teeth may be advantageously employed in turret 
■clocks and especially in remontoirs. In the smaller kinds of 
horological mechanism, where they could only be adopted with 
difficulty, if the mobiles have a sufficient number of teeth of the 
epicycloidal form they will very closely resemble involute teeth 
(1133). (See chapter VI.) 

EPICYCLOIDAL TEETH. 

Selection of the most convenient curves. 

1084. — On examining fig. 6 (plate XIII.) where the large 
circle, a, represents a wheel and the small circle, b, a pinion, we 
see that, if the large circle be made to rotate, it will cause the two 
smaller circles, B and c, to revolve at the same time. The move- 
ment will be the same as if the smaller circles roll round the larger 
circle while it is maintained at rest. 

It is manifest that throughout the movement the small circle, 
c, will roll not only roxmd the great circle, a, but also round the 
interior of the circle b, and the generating point therefore will at 
the sometime trace out the epicycloid aoh and the hypocycloid 
cod. But these two curves, since they are generated by one and 
the same point, must necessarily be always in contact at that point 
and that point only, and therefore the line joining m, where the 
three circles touch, and the point of contact, o, of the epicycloid 
and h 3 rpocycloid, will always be a normal to these curves. 

1085. — If the diameter of the small circle, c, be greater than 
half the diameter of b, the hypocycloid cod will be convex ('fier. 
6, plate XIII.) 

If less than half that of b (fig. 5, plate XIII.) the hypocycloid 
com\& concave. 
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And if the diameter of the small circle be half that of b (fig. 
4, plate XIII.) the curve becomes a straiffht line, i d, and this line 
is a diameter of the circle B. 

The latter very curious case materially simplifies the theory 
of depths and facilitates its application. 

In short, in order that the depth of the wheel a and pinion b 
may possess the advantages indicated by theory, it is necessary 
that the side of the pinion leaf be hypocycloidal, and that of 
the wheel tooth be epicycloidal and projecting beyond the 
circumference a. 

But with the circle c (fig. 6) the side of the pinion leaf 
would be projecting ; with G (fig. 5) it would be hollowed out, 
but ill the last case, with the circle h (fig. 4), the side would 
become a straight plane directed towards the centre of the 
pinion. But, although it may be difficult or even impossible 
to form the sides of leaves in accordance with any predeter- 
mined curves, such is not the case with a straight plane, which 
can be produced even on a small scale without the least difficulty. 

Those of our readers that have difficulty in understanding 
the above explanations should have recourse to the practical 
method already indicated (1038). 

1080. — Resume. — ^With epicycloidal teeth it is essential that: 

(1^ The curved points of the teeth be traced out by a 
circle whose diameter is half the pitch circle of the pinion ; 

(2) The sides of the pinion leaves be straight planes 
directed towards the centre of the pinion. 

In articles 1104-5 will be found the different methods 
adopted for tracing the epicycloid. 

Advantages and disadvantages of Epicycloidal Teeth. 

1087. — If the faces of the leaves be made hypocycloidal 
and of the teeth epicycloidal, the depth will be characterized 
by the following features : 

(1) The line s o e (fig. 4, plate XIII.) being perpendicular 
to both curves, the force of the wheel will always be applied 
perpendicular to the leaf of the pinion. 

(2) The velocities are equal, since the length of the arc i o, 
through which the pinion has revolved, is equal to that of r o, 
through which the wheel turned in the same interval of time. 

(3) Throughout the whole period that the tooth and leaf 
*re in contact, in other words during the entire lead, the power 
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and resistance maintain a constant proportion. This may be 
proved as follows: from the principle of the lever (1 0**14) it fol- 
lows that the lever arm by which the wheel acts is not its exact 
radius, but the virtual arm, v s (fig. 4, plate XIII.) ; this must, 
therefore, be regarded as the power lever ; and the resistance 
lever, instead of being the radius of the pinion, is only that por- 
tion of it that is comprised between the centre d and the point c 
where the leaf and tooth are in contact. It can be geometrically 
shown that, at whatever point of the lead we arrest the tooth, 
the virtual arm v s is to the virtual arm d e as v o, the radius 
of the wheel, is to d o, the radius of the pinion : hence it neces- 
sarily follows that the power and resistance remain the same 
throughout the lead.* 

1088. — These several advantages are accompanied by a 
slight simount of sliding friction, as will be evident from the fact 
that r c is of greater extent than i e. But this sliding, which 
becomes less and less as we increase the number of teeth (with 
less than thirty teeth a wheel can never drive a pinion uniformly), 
must be considered as an advantage rather than a disadvantage 
in the smaller class of horological mechanism (1082) ; the most 
serious inconvenience consists in the difference of pressure at tlie 
beginning and end of the lead, a difference which, after a long 
period, gives rise to the surfaces of contact being more worn at 
one part than at another (38). 

1089. — The epicycloidal tooth has then very important 
advantages; it is the best that can be empktyed in small 
mechanism because it is the only one that we have hitherto been 
able to make with accuracy; at the same time certain horological 
authors are wrong in asserting that it secures a perfect depth ; 
this is only approximated to when the mobiles are hiph numhered^ 
and inconveniences arise when we exceed certain limits in this 
respect (1124). 

Depths in nhicli the lead commences before the 
line of centres. 

1090. — The line of centres is, as we have already seen, a 
line assumed to pass through the two centres of rotation, that is 
through the centre of the wheel and pinion (b a, fig. 2, 
plate XIV.). 

* The two right-angled triangles de (fig. 4), are similar; hence their two 

homologous sides are proportional, and we always have sy \ e d i o (the radius of 
the wheel) ; d o (the radius of the pinion). 
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If it bo required tliat the impulse applied to the resistance 
arm be only accompanied by disengaging friction, the tooth 
must not come in contact with the loaf until the face of the latter 
is on the line of centres (as x o touches y o in tig. 3). 

'J’liis will always bo the case with pinions of 12 leaves or 
more, and oven witli only 10 or 11 loaves providing they are 
formed as Ave sliall presently explain ; but when the pinions are 
loAV numlxTcd, 9, 8, 7, 0, the lead will always commence before 
the line of centres by an amount that increases as the number 
is reduced. Tliis may be proved as folloAvs : 

Let A (fig. 17, plate XIII.) bo awheel of 40 teeth; each 
tooth and adjacent sjiaco (a m or a n) will occupy on the primitive 
(“ircle an arc of 9“ (for 9x40 = 3C0, or the number of degrees 
in a circle). 

On examining tliis figure 17, in Avhich the length of the arc 
an is the same as tliat of ao with an 8-leaved ])Inlon, it will be 
evident that, if the teeth and .spaces bo made of equal width, the 
tooth B will not im])el the loaf F far enough, but the following- 
l(;af II Avill engage Avith the tooth c at some distance before the 
line of centres. If aa’o increase the Avidth of the tooth b so as to 
obtain a longer ogive, the ncAV tooth n r i Avill be much wider 
than the .space i a, and its point r vnW drive f far enough to pro- 
A'cnt c; engaging Avith the face/* a before the line of centres ; but 
in that case it Avill be ncces.sary to reduce the thickness of the 
leaf by the same amount as the tooth is increased, for, otherwise, 
the tooth Avould butt against the corner of the leaf and movement 
Avould become impossible. The leaf, then, must be made A'ery thin. 

1091.— I "or the lead to commence on the line of centres 
Avith an S-leaved pinion, about ,0/0""* of its circumference must 
be spaces ; in other Avords, the Avidth of a space must be five times 
that of a leaf. 

With a 7-leaved pinion, the leaf must bo still thinner. 

With a G-leavod pinion, it Avould become absolutely nothing. 

From the preceding considerations it will bo evident that 
Avith low numbered pinions tlio lead will ahvays commence before 
the lino of centres ; for it is of the first importance to retain the 
leaves of a certain thickness, both on account of solidity and in 
order to avoid distortion in hardening. It is a recognized rule 
in practice that a Ioav numbered pinion cannot have more than 
space (measured along the arc no, fig. 17), and thus that 
the thickness of the pinion be one-third. 
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It naturally follows from the above considerations that the 
lead will commence nearer to the line of centres as the leaf is 
made thinner, the tooth thicker and therefore its point higher. 

1002. — Since a low numbered pinion cannot secure a depth 
free from engaging friction, it is important when the transmis- 
sion of force is required to be very uniform, etc., only to employ 
pinions of 10 leaves or more, because with such pinions the lead 
is after the line of centres. At the same time, although low 
numbered pinions must be carefully excluded from all the very 
best work for this reason, they can be employed in ordinary 
watches. If they are made in accordance with the rules given 
subsequently, well hardened and polished, they give very satis- 
factory results ; but it must even then be remembered that one 
of 8 is preferable to one of 7 leaves and one of 7 gives better 
results than one of 6 leaves. 

Reason for rounding the point of a pinion.— On the best 
height for the ogive of a tooth. 

1093. — It will be remembered that by the point is under- 
stood the entire portion of cither a tooth or leaf that projects 
beyond the pitch circle; rao and isn, fig. 4, plate XIII. 

The point of a wheel tooth, which is also at times known 
as the ogive on account of its form, must, as we have already 
seen, be of a certain epicycloidal form ; the point of a pinion 
leaf, known as the rounding, has not yet been discussed; if it be 
desired to make pinions of low numbers strictly of the theo- 
retical form, the points must also have an appropriate epicy- 
cloidal form. But it should be remarked that: (1) in pinions of 
moderately high numbers, as we shall subsequently show, the 
point only serves as a precaution; (2) it is almost impossible to 
form the point of the pinion leaf in horological mechanism 
strictly in accordance with the requirements of theory; (3) an 
infinitely small portion of the point is touched by the tooth as 
it enters a space. 

These facts have led makers to adopt the semicircle as the 
most convenient form to give to the point of the leaf ; it is then 
simply rotmded off as shown in figs. 1, 2, 3, 4, & 6 of plate XIV. 

1094i — Rounded pinion leaves have several advantages 
when employed in conjunction with epicycloidal teeth : (1) they 
facilitate the accurate determination of the difference between the 
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total and primitive diameters, since the one differs from the 
other by the thickness of a leaf ; (2) it is possible to pitch low 
numbered pinions sufficiently deep without any serious increase 
of friction ; (3) it not only is easier of construction but also 
indicates accurately the positions of the pitch circles, which 
must be known in order to secure a good depth. 

1095. — When the pinion is high numbered, the ogive of a 
tooth will never lead the leaf with its point, because another 
tooth engages with the succeeding leaf before the first tooth has 
accomplished its lead ; hence it follows that the contact of a leaf 
and tooth is of shorter duration as the mobiles are more highly 
numbered, and that, in depths of this description, a portion of the 
points of teeth is useless and may be suppressed (fig. 2, plate XV.). 

]09(i« — Witli pinions of 10 leaves and under it is essential 
that the point of the ogive be retained ; with 11 or 12 leaves it 
is barely possible to lightly remove the edge from the points of 
the teeth, so tliat it is generally retained as a precaution. 
Rather more can be removed with higher numbers, the amount 
being increased as the number of leaves becomes greater. 

1097. — An observation contained in article 1084 affords 
us a means of ascertaining the best length for the ogive. 

We know from previous considerations that the point of 
contact of the tooth and leaf corresponds with the generating 
point of the curve ; draw the depth then (in the manner sub- 
sequently indicated) so that the face of the tooth o x (fig. 3, 
plate XIV.) touches the leaf v on the line of centres, a b; 
then describe the generating circle d, and the point at which 
this circle cuts the face e of the leaf e determines the extreme 
effective point of the lead by the tooth g ; for the tooth x o is 
then commencing its lead and the entire portion beyond e may 
be suppressed, as we have indicated by the circular arc P Q, 
described from the centre of the wheel. 

The line o e will be perpendicular to the face e of the leaf e. 

On the freedom at depths. 

1098. — ^In a theoretical depth there is no freedom whatever 
between the teeth and leaves. For mathematicians calculate the 
dimensions and mode of action of the depth with absolute 
accuracy, and assume the construction to be as rigorously 
correct as the calculation, which, as we know, cannot be the 
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case. Moreover the continual change in matter through licat, 
the imperfect nature of our tools which docs not permit of our 
obtaining perfect accuracy of form, and the friction of both 
sides of the tooth, would inevitably prevent the working of a 
dejjth without freedom. 

If the teeth and leaves are made of the proportions sub- 
sequently given, the freedom will be found to be sufficient ; for 
its actual amount may be assumed to depend on the inequalities 
in the subdivision of the circumference. In conclusion, it is 
only by practice and a systematic examination of well-made 
teeth that this amount can bo ascertained with exactness. 


An Observation of Camus. 

1099 .— “As we can never hope to form the teeth with 
such accui’acy that the pitch circles of tin; Avheel and pinion 
shall always rotate with equal velocities, and as the inequalities 
and other faults in the teeth will make the lead measured fron> 
the line of centres in some cases not sufficiently long, so as to 
occasion buttings, etc., makers will do Avell to avoid these in- 
conveniences by making the primitive diameter of the mobile 
that drives slightly greater than it should bo in comparison with 
the mobile that is driven. 

“ By this increase in the diameter of the wheel, whidi 
should be jwoportioned to the faults that are exj)ected in the 
form of the teeth, the tooth immediately succeeding that which 
is leading a leaf beyond the lino of centres will engage with the 
next leaf somewhat later and, when the first tooth has driven 
the pinion as far as it can uniformly, the wheel has a somewhat 
greater velocity than the pinion, and this is a fault ; but this 
intentional fault is less objectionable than the buttings that 
would probably occur if it were not to exist.” 
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CHAPTER II. 

TO IIESIC.V A DEPTH. 

1100 .— It is now easy, with the help of the theoretical 
and practical data at which wo have arrived, to determine the 
most suitable proportions for a depth and to draw it. 

Watchmakers, especially the younger members of the trade, 
cannot be too much practised in the correct drawing of depths ; 
there are few methods more efficacious for bringing homo to 
them both their principles and mode of action. 

It is first necessary to measure the distance between the 
(centres of the two mobiles on the calliper of the watch, etc., 
and to fix u])on the number of teeth or leaves for each, numbers 
which are determined by the revolutions of the pinion that 
eoiTespond to one revolution of the wheel. 

Let the pinion be required to rotate eight times during one 
rotation of the wheel, so that the wheel has eight times as many 
Uicth as the pinion has leaves ; — 48 teeth for a pinion of 6 leaves ; 
— 04 tooth for one of 8 leaves ; — 80 for one of ten leaves, and 
.so on. 

Taking the numbers C and 48 and the distance between the 
centres 15 millimetres, draw on a sheet of stout well-stretched 
drawing paper a straight line A B (fig. 2, plate XI\ .), on which 
mark the tw'o centres A and B, 15 centimetres apart. (The 
drawing will then be magnified 10 times and it will only be ne- 
<;cssary to divide its several dimensions by this number to obtain 
the actual proportions of the depth. It w’ould be still better to 
magnify the drawing 20 or 80 times.) 

" As shovTi in article 104f>, we obtain the proportion 
48 + C : 15 : : 48 : x, or 54 : 15 : : 48 : .r. Hence we have 

„ iftKis 720 la.ea 

X ^ ^ — lO OO. 

The primitive radius of tlie wheel will then be T3*f33 centi- 
metres, and deducting this amount from 15 centimetres, or the 
distance between the centres, we have 1-G7 centimetres as the 
primitive radius of the pinion. 

With a radius slightly in excess of 13-33 centimetres 
(1090), say 13-5 centimetres, and from the centre A describe the 
circular arc c then from the centre b describe the second 
•circular arc ba c, toutihing the first on the line of centres. 

These Avill be the pitch circles of the wheel and pinion, 
respectively. 
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Now since the pinion has 6 leaves and of necessity the same 
number of spaces, a leaf and an adjacent space should occupy 
one-sixtli of tlie 360” in the circumference of the pitch circle, 
that is to say 60"; and, as avo shall presently show that the spacer 
in a pinion of 6 leaves sliould be twice tlie width of the leaves, 
it folloAvs that the leaf Avill measure 20". As a leaf must be touched 
10" before tlie lino of centres, draw tlic line n a making an 
angle of 10" with the lino of centres B a; tlien draw b n making^ 
an angle of 20" Avith b a and thus detennining the thickness of 
the leaf. 

Angles i B a, n B c, of 40® each on cither side of this leaf 
will mark off the spaces ; and then the faces of the two leaves, 
H and L, can be drawn, etc. 

The ijoint of each leaf will bo obtained by describing a 
semicircle, taking as a centre the middle point of the portion of 
the pitch circle intercepted between the two faces of the leaf. 

The depth of the spaces cannot yet be ascertained because 
it depends on the height of the ogives of the wheel teeth, and 
this we have not determined. 

As the point a on the leaf m is the first touched, the straight 
line a A drawn from a to the centre of the wheel will give the 
face of a tooth. 

Now this wheel has 48 teeth, so that a tooth with the- 
adjacent space Avill extend over « th part of the circumference, 
that is or 7'5 degrees. Having divided otf the arcs c a, a cf, 
d f, of 7‘5® each, bisect them by the lines p, r, s, if the teeth and 
spaces are required to be equal, and Avitharulc 2Jassing through 
the centre a and the several points c, p, a, r, d, s, /, draAV the 
faces of the wheel teeth. 

We now require to fill in the ogives. 

On a separate jiicce of cardboard (fig. 1, plate XV.) draAV 
the arc a ^ c b with the primitive radius of the Avhocl. Com- 
mencing at the extreme point of the radius e g form the required 
epicycloid g d (1104) ; then cut out the cardboard along the 
line '^g d and apply it to fig. 2, plate XIV. so that the line e g 
coincides with the line a of fig. 2, and the arc a ^ c b Avith the 
pitch circle of the wheel : draw in one side of the ogive, and it 
will only be necessary to reverse the pattern or templet in order' 
to form the other side in the same manner.* 

• The drawing being supposed to be prepared with the utmost accuracy, more* 
especially as regards the division of the circumferences, it may be verified as follows*. 



To DESIGN A DEPTH. 


615 


From the centre A, fig. 2, describe the dotted circle x z 
passing through the points of the ogives. This circle, since it 
determines the pitching of the teeth with the leaves of the pinion, 
will enable us to fix upon the depth of the pinion spaces. A 
circle described from the centre b and passing through the 
extreme points of the loaves (p v k) will give the depth of the 
wheel spaces. Of course a sufficient amount of freedom must be 
left to ensure safety between the bottom of the spaces and the 
extremities of the teeth and leaves. 

The depth has now been completely drawn, and, if the 
operation has been performed with care, it will only bo necessary 
to take its exact dimensions (the jiitch circles, total diameters, 
thickness of leaf, height of ogive, etc.) and to reduce them by 
the aid of a jiroportional compass or by calculation, and wo 
shall possess the dimensions of an excellent depth satisfying the 
given conditions (chapter VI.). 


Observations. 


1101 .— As was the case with escapements, the drawing 
should be first made with a fine pointed pencil, in order that 
any errors may be corrected. It is unnecessary to mention that 
only those lines which are required to remain should be drawn 
in with Indian ink. 

At the centres of the wheel and pinion a small flat disc of 
some hard substance on which the centre is marked by a point, 
mother of pearl for example, should be fixed in the first instance 
witli mouth glue in order to avoid enlargement of the centre or 
displacing it by the point of the compass. Or the thin metallic 
centres used by draughtsmen may be employed ; they are hold 
in position by three very fine points. 

The height of the ogive (chapter IV.) or the line cedf 
(fig. 13, plate XIII.) being known, and the straight faces of the 

If the tooth r d touches the face e t with its point, the hei^^ht of the ogive is 
correct ; but if the point e is at a distance from the face c t, the ogives are too short 
and the lead will commence before the point a. 

If the point of the tooth overlaps the surface of the leaf, the ogives are too long. 

When a line^ t is drawn perpendicular to the face t e from the point at which the 
lino of centres crosses the pitch circles (lOOl), wo may (in the case of pinions under 
10 leaves) take the distance between t and the point of the tooth as practically equal 
to the distance of a from the line of centres. With a pinion of 10 leaves the point 
of the tooth will be at and with one of 12 leaves it will be somewhat above this 
point. 
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teeth having been drawn in, as well as radii passing through 
the middle points of the tcctli, it is a common practice to 
replace the epicycloid by a circular arc embracing two tooth 
when the accom})anying pinion has less than 10 leaves, and 
three tooth if from 10 to 18 leaves. 

The following is the method of procedure : 

After drawing the straight faces of the teeth, as well as the 
central lines c c l>, d i, fj (tig. 13, plate XIII.), set the compass 
so that with a centre somewhat within the pitch-circle [x or x') 
a circular arc may be described passing through the points of 
intersection c, c, and falling just beyond the facies r. Tlicn 
make the straight and curved lines tit togctlier ])ro]jcrly and 
the curve thus obtained Avill dificr very sliglitly from a true 
epicycloid ( 1149 ). 

With high numbered wheels, where a portion of the ogive 
is suppressed, the amount to be removed should be indicated 
(fig. 2, plate XV., 1007 ), because it will enable tlio s})aces of 
the pinion to bo made less deep and tlius its solidity Avill bo 
increased. 

A single drawing of a depth will suffice for all depths of 
the same nundjers whether the teeth are largo or small. Thus 
if the distance of the centres is 3<i instead of 1;5 it Avill only be 
necessary to double the dimensions, and, convorsol}', they must 
bo reduced one half for a centre distance of 7‘5 . . . etc. This 
is an operation of no difficulty as will bo subsequently seen. 

1103 .— We have just given general rules for tlie designing 
of depths, but it should be pointed out tliat the ])rocess is still 
further simplified by following the directions and adopting the 
proportions, etc., given in cliaj)ter IV. 

Wo would here observe to tho.se watchmakers, unfortunately 
very numerous, that consider a largo scale drawing of a depth 
to bo useless, pretending that it is im])ossiblc to accurately re- 
duce the proportions and apply them to the depths of a watch, 
that they are entirely mistaken. The reduction can be made 
with case by calcidution and carefully graduated gauges, etc., 
such as are described farther on. As regards the carrying out 
of the principles on a small scale, it requires very great care 
but presents no difficulties, since the watchmaker has at his 
disposal moans sufficient to satisfy the requirements of chrono- 
meter-making and therefore of the more oi-dinary horological 
mecdianisin. 
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Another mode of ascertaining the relative lengths of the 

primitive radii* 

1103 * — Knowing the distance between the centres we can, 
instead of employing a proportion to dctci’mine tlie length of 
each primitive radius, as was done in articles 1049 , 1100 , 
divide tliis distance into one more part than the number 
obtained by dividing the leaves of the ])inion into the teeth of 
the wlieel. Then take one of the parts so divided for the 
primitive radius of the pinion and the remainder for tliat of the 
wheel. 

Take the example of article 1100 . 

The numbers of the wheel and pinion arc respectively 48 
and (!, so tliat the latter is contained in the former 8 times : the 
distance between the centres (15 millimetres) must then be 
divided into (8 + 1) parts. Dividing 15 liy 9 we obtain l‘G7 
millimetres v(‘ry approximately, and this is the radius of the 
piinion. 

The difference between the result here given and that 
obtained in article 1100 is less than a half-hundredth of a milli- 
metre, an amount which is quite insignificant, and it can be still 
further reduced by carrying out the division to a greater number 
of decimals. 

To draw nu epicycloid by means of successive points. 

1104 . — Let A c li (fig. 1, plate XV.) bo the pitch circle of 
the wheel, and d the generating circle. Draw a line i: g o pass- 
ing through the centre of the generating circle and the first 
point of contact. Divide an arc g c (somewhat greater than 
the width of the tooth) into equal parts 1, 2, 3, 4, etc. by the 
aid of a compass. Now draw through these points and the 
centre e of the wheel lines 1 ?«, 2 ?/, etc. ; and from e describe 
the cii’cular arc o R passing through the centre of the generating 
circle. Each point of intersection of the arc o e and the lines 
1, 2, 3, etc. becomes tin; centre of a new position of the 
generating circle, and these should be traced out. 

Accurately measure with a compass the distance g 1, and, 
taking 1 as a centre, mai'k it off on the generating circle T. 
Then Avitli the centre 2 mark off twice the distance g 1, that is 
^2, on the circumference 2'. Do the same on circumference 3' 
and so on. 
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The curve g d 2 )assing through the several points so obtained 
will be the required ejiicycloid. 

Remarks. The parts into which g c is divided should be 
as small as possible, in other words no larger than is necessary 
to ensure accurate drawing. Short arcs can, without sensible 
error, be regarded as portions of straight linos. 

The compass should bo light and its points very fine. It 
must not be raised from the jiaper for each measure but should 
rotate on one of its points, always maintaining the eyeglass to 
the eye. Further, it may perhaps be well to add that in mark- 
ing off a point, say 10', the 10 short arcs equal to y 1 must be 
marked off in succession along the arc c and not by a single 
measurement of g c. 

To trace out an epicycloid by rolliiijE;. 

1105 < — The circle a (fig. 4, plate XV.) is part of the pitch 
circle of a wheel cut in wood, of which the circumference is 
l>erfectly true. A second wooden disc is turned on the lathe, 
having the diameter of the generating circle. A thin ribbon 
c d, that is not liable to stretch, is fixed by one extremity to the 
Avhccl and by the other extx'emity to the generating circle. A 
blunted brass point, o, is in the jdane of b, so arranged that it 
can iwojcct slightly below the disc n at its edge. 

The system thus arranged is laid on a stretched sheet of 
paper (jxrefcrably covered with oxide of zinc on which brass 
leaves a black trace) and the disc a should be firmly fixed on it. 
Then connect the two axles m and n (fig. 3) by the cord d h in 
order to prevent the two discs from separating. 

After stretching the ribbon very tight and placing the point 
0 on the line of centres (fig. 3), rotate the circle b towards the 
right pressing gently on its face. The point o will trace out an 
epicycloid on the paper with sufficient clearness if the arrange- 
ment has been carefully and intelligently made. It will of 
course be evident that the ribbon should be as thin as possible, 
because when rolled romid the disc its .thickness is added to the 
radius of this disc. 

To trace out a cycloid. 

1106 . — The cycloid may be described in precisely the same 
manner except that the circle a is replaced by a straight rule. 
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CHAPTER III. 

TABI.,!:: OF THE SIZES OF PIATONS; TABIOUS DETAILS 

COIVCEKNIIA'G THE LEAD, THE DROP, AMD HIGH 
NIIJHBERED WHEELS. 

Sizes of pinions (ordinary method). 

1107« — Wo give here the table usually employed for ascer- 
taining the sizes of pinions, subject to the following reserva- 
tions. They are sufficiently accurate to secure us against the most 
serious cases of stoppage ; and this is all that can bo reasonably 
lioped from workmen who arc too badly j)aid to justify us in 
demanding cither more work or better quality ; but we would 
hcie ])oint out to manufacturers that the two following chaj^ters 
will afford them ample means of ascertaining the true size, in 
other words, tlio size that secures the most ])erfcct depth. 

1108. — To give the diameter of a pinion approximately 
the pinion callij^cr should include : 

For IG leaves, G full teeth, that is to say measuring the distance 
between the two external faces ; 

,, 15 rather less than G teeth, or 5 teeth and just 

beyond the point of the sixth ; 

,,14 ,, 6 teeth measuring at the points ; 

,, 12 ,, 5 teeth measuring at the points (or rather 4^ 

teeth); 

For a clock wheel 5 full teeth ; 

,, 10 ,, 4 full teeth; 

For a clock wheel, 4 squared teeth ; 

,, 0 rather less than 4 full teeth, or 3 full teeth to the 

point of the fourth ; 

„ 8 ,, 4 teeth measured at the points minus a quarter 

of a space ; 

,, 7 ,, rather less than 3 full teeth ; 

For a clock, 3 full teetli plus a quarter of a space ; 

„ G „ 3 teeth measured at the points or rather more. 

For a clock, 3 full teeth. 

1109. — Jurgensen after giving this table, which he took in 
great part from Berthoud, adds : “ When the pinions drive the 
wheels they should be somewhat larger.” This vague informa- 
tion only serves to lead into error the great majority of watch- 
makers that act on it to the letter. We shall show in chapter 
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VI. in what manner the size of a pinion that leads dilFers from 
that of one which is led. 

1110 . — In giving this table Berthoud was so far conscious 
of the iusuflEiciciicy of the method that ho added : Before 
hardening the j)inion the depth must be examined on the depth- 
ing tool in order to accurately fix upon the size of the pinion 
and to give the best curvature to the points of the leaves ; which 
only goes to prove that he arrived at the primitive diameter by 
frequent trial. 

linperfectiicsH of the means usually employed for 
aseertaiiiinv^ sizes of pinions. 

1111 , — In the ordinary practice of horology, it is customary, 
tis wo have seen, to take as a measure of the total diameter of a 
pinion an opening of the pinion compass that covers on the 
<‘ircumference of the wheel a number of teeth and spaces equal 
to one-third the total number of leaves and spaces of tlie pinion. 

Thus in a pinion of G leaves there are a total of 12 leaves 
and spaces and a third of this number is 4. The compass must 
therefore cover 2 teeth and 2 spaces, corresponding to the amount 
ordinarily taken, 3 teeth measuring at the points, for there are 
then included between the points of the compass: two spaces, 
one full tooth and two half teeth, or two teeth and two spaces. 

1113 .— This method of measurement was based on the 
following facts: 

“ The circular arc on the pitch circle of the wheel tliat 
includes a tooth and space, that is to say the pitcli, is equal to 
the pitch of the pinion; and since the diameter is one-third of 
the corresponding circumference, if wo measure on this circum- 
ference of the Avhecl a distance equal to one-third the number 
of leaves and spaces of the pinion, wo shall have the diameter 
i;f this latter.” 

1113 . — This method is inexact, for: 

(1) A diameter is not accurately one- third of its corres 
ponding circumference; (2) the measurement taken is not tliat 
of an arc but of the chord of that arc; moreover, if we assume 
the chords to be equal, it by no means follows that the arcs 
would be equal, for those of the pinion are more curved than the 
arcs of the wheel pitch circle; (3) the ratio between the two geo- 
metrical diameters is not the same as that of the two total 
■diameters, and the measurements are taken at one time on the 
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pitcli circle of tlie wheel and at another time on the external cir- 
cumference; (4) the actual total diameters vary with the thick- 
ness of the leaves and teotli since the height of the point depends 
on this thickness while tlie ])itch circles remain invai'iable, etc. 

These facts lead us to the following conclusion : tlie actual 
measurements in vogue give a 6-leaved jiinion that is too small, 
and in order to avoid the inconveniences that might arise from 
this fact the leaf has to be romidcd off at its end to rather more 
than a semicircle. The exact amount of this rounding is thus 
loft indeterminate, and the solution of this very important point 
becomes arbitrary, dependent on the degree of intelligence of 
the workman.* 

Some of the practical measurements given in the above 
table are rather less inaccurate as regards the total dimensions 
than those relating to a G-lcavcd pinion ; and we would further 
observe that authors vary among themselves, not always giving 
the same measurements for the same pinion. 

Origin of the diUerence in measurement I'or elocl^s and 

watches. 

1114 # — The fact of authors recommending that the pinions 
of clocks should be left slightly larger than those of watches has 
encouraged the opinion that theory admits different principles 
in watches and clocks, and that, therefore, the laws of theory 
arc arbitrary and uncertain. 

The pinions of watches, clocks and timepieces must always 
be made in accordance with the unvarying principle that the primitive 
diameters are in proportion to the number of teeth^ and the other 
dimensions, such as the thickness of leaves, height of points, 
etc., as laid down in the precise rules already in part given, 
which will bo made more complete subsequently. 

1115 # — The difference in this matter originated as follows ; 
it was erroneously explained by Berthoud : 

(1) As Avo increase the number of teeth of a wheel, the 

* Since tlic measurements taken in practice only fjive the total diameters, it 
follows that if three pinions are intended for the same wheel but one has thin leaves, 
anotlier thick leaves and the third barley-shaped leaves, they may nevertheless have 
the same total diameters but their primitive diameters will differ, so that the rounding 
will descend lower in one case than in another ; the thick leaf will be struck farther 
from or nearer to the centre than the thin leaf, etc. It will inevitably result that, if 
one of the pinions gives a good depth, the two other pinions will be very bad, notwith- 
standing that all three would be strictly in accordance with the so-called rule 
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difference between its total and primitive diameters becomes 
less, since the point or ogive is sliortcr as the thickness of a 
tooth is decreased ; 

(2) If we assume tliat a space and two lialf teeth occupy 
the same space on the pitcli circles of two wheels whose centres 
are at d and g (fig. 9, plate XIV.), we see that, if the })oints of 
the ogives in the large wheel arc at a and />, those of the small 
wheel will be at s and e, or farther apart. In other words, the 
circular arc intercepted between the points of the ogives becomes 
less and lc.ss (or approximates more and more to equality with 
0 n) as we increase the diameter of the wheel. 

It will be evident after reading these two observations that, 
if the diameters of pinions have been in the first instance 
accurately arranged for watch wheels which arc small and low 
numbered, when we attempt to apply the same measurements 
to clock wheels, we must necessarily obtain a pinion that is too 
small, since these wheels are larger and of higher numbers than 
those of watches ; and the difference has been found to increase 
as the measurements are taken nearer to the total circumference, 
that is the one passing through the points of the teeth. 

Practical mode of ascertaining whether the lead is uniform. 

11 IG. — Those who have any difficulty in understanding 
the causes of irregularity in the lead, can resort to a practical 
method of confirming the conclusions of science. Set in the 
depthing tool a wheel whose teeth differ as much as possible 
from those represented in the figures with a pinion that is 
either too large or too small. After having fitted on the centres 
of the tool two brass discs finely graduated at their circumferences 
(fig. 30, page 230), provide the axes of the wheel and pinion 
each with a finger that can rotate close to the graduated disc. 

Now ascertain by employing an eyeglass the exact point 
at which a tooth engages with a leaf. After noting the gradua- 
tion indicated by each finger, cause the tooth to perform about 
a quarter of its lead of the leaf, and again note the readings. 
Again set the wheel in motion through the same number of 
degrees as previously, and note the interval traversed during 
this period by tlie finger of the pinion. Each portion of the 
lead will be found to be represented by a different number of 
degrees on the wheel and pinion ; and, if the pinion be made to 
travel through equal spaces, those traversed by the wheel will 
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no longer be uniform, so that we prove experimentally that each 
mobile moves with an irregular velocity, and that the depth 
cannot fail to be characterized by slippings, starts, etc. 

As the wheels and pinions approximate to the correct 
theoretical proportions the depth will be smooth and free and 
will be characterized by a uniformity in the lead. This uniformity 
therefore constitutes one of the best means at our disposal for 
practically verifying a depth. 

licad without engaging friction when the pinions arc 
low numhered. 

1117 , — Some horologists, being impressed with the disad- 
vantages that result from a lead commencing before the line of 
centres, have suggested what they consider to be a method for 
making the lead always commence at this line. Many so-called 
watchmakers still seriously maintain that the one rule for depths 
is to make them engage at the centre. In addition to the absolute 
impossibility of making the lead commence at the line of centres 
when cmplojdng certain sizes of pinions, as wo have already 
shown ( 1091 ), they only avoid one fault by falling into another 
that is greater. For in order that the lead should commence 
nearer the centre than theory makes it, in the case of low 
numbered pinions, it would be necessary to make the leaves of 
the pinions very thin, to make the pinions themselves very 
small, lengthen the teeth of the wheel beyond what theory 
indicates, and pitch the depth deeper. When these conditions 
arc observed the lead will commence nearer to the line of centres; 
but the mobiles w'ould at times move with different velocities 
since the lead is not uniform ; there would, moreover, be more 
fear of catchings and the drop would be accompanied by 
slipping, especially towards the end of the lead. It is manifest 
that all these faults taken together would have a far more 
detrimental effect on the depth than a slight amount of engaging 
friction. 

It will be well to adhere to the proportions given in the next 
chapter. 

The drop; catchings due to pinions being too large 

or too sinall. 

1118 , — ^Wlien the point of a tooth impels the leaf of a 
pinion, this point will slide rapidly along the face of the leaf, 
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so that the succeeding tootJi falls U'ith a sudden jump (tlie drop) 
on to the face of tlic corresponding leaf. 

By the term catching is generally understood detrimental 
friction of the curved portion o a (fig. 15, jfiatc XIII.) against r 
(the wheel turning towards the right), or of c against d i or of 
cn against F during the engaging action, or, further, of the 
j)oint of a tootli against tlie bottom of a space. Some authors 
use the term to mean the same as engaging friction ; with them 
therefore a (iatchiivg is any friction whatever occurring before 
the line of centres (except butting action). This definition is 
not legitimate, for a catching always consists in a detrimental 
friction that must and always can be corrected, and it is well 
knowm that engaging friction cannot always be brought under 
this category. We include therefore as catchings: (1) friction 
of the back of a tooth during the engagement ; (2) contact of 
the point of a tooth with the bottom of a sj^ace ; (3) excessive 
engaging friction or friction occurring farther from the line of 
centres than theory requires ; and these are all faults that should 
not bo allowed to remain in a depth. 

1119 < — When the primitive diameter of a pinion is too 
small a drop Avill occur. 

This can be easily explained ; for if the pinion is too small 
the arc covered by a space and a leaf, or the pitcli of thepinion, 
is less than the pitch of the Avlieel, and thus it happens that 
Avhen the impelling wheel ii (fig. 16, plate XIII.) is only pushing 
the leaf by the point of its ogive, the following tooth b is at a 
distance a n, from the corresponding loaf, a distance very nearly 
equal to the difference between the two arcs a o and m n. When 
in this position the pinion almost ceases to move, while the 
point of the tooth ir, sliding along its face and escaping at the 
commencement of the rounding, causes the movement of the 
wheel to be accelerated until suddenly arrested by the engage- 
ment of the tooth B and the loaf a. The blow caused by tins 
drop is all the greater according as the pinion is smaller and 
the mobiles travel more rapidly. 

It will bo observed that to diminish the effect of the drop 
it is only necessary to elongate slightly the straight face o /•, 
for then the tooth ii will not leaA'C its leaf until the load has 
commenced with the next tooth and leaf ; so that the drop will 
bo materially diminished or altogether done away Avith. It 
should be remarked that although a pinion may be of the proper 
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size, the lead will always terminate with a slipping action when 
the ogives are not sufficiently elongated. 

1130 . — When the primitive diameter of the pinion is too 
great, the pitch of the wheel ( 1030 ) will be less than that of the 
pinion. The velocities will differ and the tooth will engage 
with a leaf all the more in advance of the line of centres as the 
size of pinion is increased ; this causes the engagement to be 
accompanied by catchings and, if the size of pinion is much too 
great, the catcliing may even resolve itself into a sort of butting 
action owing to the extremities of the teeth being forced against 
those of the leaves. 

1131 . — A. butting will entirely stop the action of a depth. 

A catching wastes a considerable amount of the motive force, 

causes ra})id wear of the acting surfaces and often the machine 
is actually brought to rest. 

Drops also cause a loss of force and rapid wear, but not to 
the same extent as in the previous case and they do not occasion 
a stoppage: hence we conclude, for the information of watch 
repairers, that if otlier things are equal in a depth drops will be 
less detrimental than catchings. 

Whatever care be devoted to the application of theoretical 
rules in constructing depths, the imperfectness of our instru- 
ments and the errors caused by the hardening and polishing of 
pinions altering their form, always occasion some irregularities 
in a depth ; and thus whenever a portion of a wheel comprising 
a space and tooth engages with a rather greater length of the 
pitch circle of a pinion, there will result a butting or catching 
action, and there will be a drop when the shorter interval is on 
the pinion. 

We have seen above that moderate drop is less detrimental 
than catchings or buttings ; it is therefore advisable to make the 
wheel a trifle larger than theory indicates to avoid these sources of 
error; the pinion being then somevvdiat small, the depth will have 
more freedom but will be characterized by slight drops ( 1099 ). 

This suggestion must, however, be acted on with great 
caution; for it is impossible to give any rule to fix the amount 
by which the mobile that leads is increased, as it necessarily 
depends on the inequalities of division, and thus on the accuracy 
of the wheel-cutting and rounding-up tools, etc. 

1133 . — Peactical Application. — If the preceding reasoning 
has been clearly understood it will be seen that a pinion is only 

40 
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too large or too small when its primitive diameter is too largo or 
too small. It is possible then to improve the character of the 
depth of a pinion that is small by filing away the leaf along a 
line such as b o (fig. 5, plate XIV.), so as to increase the primitive 
diameter. 

It will of course be clearly understood that such a method 
is only here suggested for adoption by watch repairers on an 
•emergency, and must not bo resorted to in high class watchwork. 

If the pinion is too large the rounding must bo made 
deeper, giving it the form am n nd (fig. 7, plate XIV.). 

The total diameter of a pinion is, as will be evident, almost 
an arbitrary quantity, for it may be made a little larger or 
smaller providing that the curve at its point have a suitable 
form and that it terminates accurately at the commencement of 
the straight face, that is at the pitch circle. 

Advantages and inconveniences of liigh numbered 
wheeis and pinions. 

1133 . — It is well in accurate mechanism never to employ 
a pinion of less than 10 loaves because it is oidy above this 
number that a uniform lead can be secured unaccompanied by 
engaging friction. 

As we increase the number of teeth of a wheel or pinion, 
the difference between the total and geometrical diameters be- 
comes loss because the teeth are narrower and thus their points 
less elevated. 

A high numbered pinion will have a very short lead on 
each leaf. This lead measures GO® with a 6-loaved pinion, 45“ 
with an 8-leavod pinion, 30" with a 10-loaved, 30" with a 
12-leaved pinion, and so on. 

It is evident that by employing mobiles that are more and 
more high numbered the lead becomes shorter and shorter, 
utilising a gradually diminishing amount of the curve of the 
ogive until it becomes very little more than a mere contact. 
Friction and even badly fomed ogives may then be assumed to 
hare very little effect. 

As it is impossible in practice to give an absolutely exact 
form to teeth in watches, the best depths will be obtained by 
employing high numbered mobiles ; but this rule must always 
be subordinate to the following facts. 

1134 . — There are limits to the rule we have just laid down ; 
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for as the number of teeth is increased the amount of the free- 
dom between the teeth and leaves just before they engage 
becomes less and the depth requires to be proportionately of 
more accurate construction. Every watchmaker will do well to 
remember this last observation, and he should further not forget 
that with high numbered pinions the least imperfection in the 
teeth may give rise to catchings. 

This fact may be explained as follows : 

(1) As the first point of engagement of the depth is brought 
gradually nearer to the line of centres, the tooth a and the leaf 
B (fig. 14, plate XIII.) will come nearer together when this 
contact occurs. 

(2) When a low numbered pinion is replaced by one that 
is higher numbered, the total circumference is greater, just as 

<?* is greater than ^ 7? (fig. 14). The extremity of the leaf 
thus (‘omes nearer to the tooth A. 

(.‘5) As the number of leaves of the pinion is increased, the 
diameter of its wheel remaining the same, the generating circle 
be'comes larger. It necessarily follows from this that the cur- 
vature of the points of the teeth becomes less and less marked. 


CHAPTER IV. 

PROPORTIOIVS OF PIIVIOIVS OF FROIII O TO 14 

IVlTn THE TEETH THAT ElVGAGE WITH THEM. 


Exact sizes of pinions. 

rreliminarj Observations. 

1135 . — ^When Camus published his Traite des engrenajes 
the only escapements employed were characterized by a very 
marked recoil. With low numbered 2 :)inions the lead continues 
for the greater distance beyond the line of centres as it com- 
mences nearer to that line, and it follows that, towards the end 
of the lead, the points of the ogives arc acting more and more 
lierpcndicular to the faces of the leaves, the tooth offers a con- 
siderable resistance to the recoil of the pinion, and rapid wear of 
the acting surfaces is the necessary consequence. 

1136 * — The designs of depths for Ioav numbered pinions 
proposed by Camus made the lead commence considerably in 
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advance of the line of centres for the reasons given above ; but 
as recoil escapements have been replaced by dead-beat escape- 
ments, there is now no occasion to facilitate a recoil that does 
not occur, at any rate to the same degree, while it has become 
important to diminish the engaging friction. 

1137 . — To set any stationary body in motion, we know 
that a much greater force must be applied than is required ta 
maintain tliis movement ( 39 ). This being remembered, and 
observing that with escapements of considerable recoil the train, 
even up to the centre wheel, is always sensibly in motion,, 
whereas with a dead-beat escapement this train is alternately 
in a condition of rest and movement, it will be easily perceived 
that the motive force has a much greater resistance to overcome 
after each locking in the second case ; and if this resistance is 
further comjdicated by marked adhesion between the surfaces 
and by engaging friction, a great part of the motive force will 
be dissipated. 

1138 . — To diminish the duration and the amount of 
engaging friction with low numbered pinions, the point at 
which the lead (jommenccs must be brought nearer to the line 
of centres ; this is effected by reducing the thickness of the 
leaves and Increasing the height of ogives. In that case the 

o o o 

extremity of the point of tlie tooth will be somewhat above the 
position indicated by the epicycloid and the end of the lead will 
no longer be absolutely uniform, but this slight inconvenience 
is balanced by the advantage (so important with the dead-beat 
escapement) of the lead commencing as near to tlie line of 
centres as is possible without serious inconvenience ( 1117 ). 

1139 . — The preceding considerations are based on the 
supposition that the spaces and teeth of the wheel are of equal 
width. It will be easily understood that as the width of a tooth 
is increased its ogive will become more elevated because the 
epicycloidal sides will become longer ; but since the width of a 
tooth may only exceed that of a space by a very small amount 
(for otherwise the teeth would be too thick and the centres 
would have to be set farther apart), most makers have, at any 
rate for the last twenty years, adopted teeth and spaces of equal 
width as the best average dimension. 

We shall see in the following articles in what cases wo can. 
advantageously introduce modifications in this general rule. 
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PBOrOBTIOXS FOB PIXIONS WITH EX£iiCl.Tf; FBlCTlOXt 

a, T, 8 and O leaves. 

FOE DEAD-BEi-T ESCAPElfENTS. 

1130 . — Remark. In low numbered pinions up to 9 inclu- 
sive it is the general jM'actice to make the width of the space 
twice that of the leaf or, in other words, two-thirds space and 
one-third plain. This proportion has been adopted for the last 
twenty years or more by skilful practical men as the lowest per- 
missible thickness that will ensure due solidity for the leaves. 

Moinet’s 7 and 9-leavcd ])iiiions do not conform to those 
practical rules ; but wo shall assume that they do so agree, for 
if his minute difference is ijcrcejdiblo in a large scale drawing it 
is not so in the small pinion itself, and the division into thirds 
is very easily determined upon by an eyeglass so that rapidity 
and accuracy of workmanship lire greatly facilitated. 

0«lcuved pinion. 

1131 . — A G-leaved junion should have one-third plain and 
two-thirds space, and the depth of a space should be rather more 
than half the total radius of the j)inion. 

Idle teeth and spaces of the wheel should be of equal width, 
•and the height of the point should be slightly less than half the 
primitive radius of the pinion. 

If these proportions arc adhered to in practice, the lead will 
•commence at a distance from the line of centres equal to half the 
thickness of a leaf, in other words, when the leaf is first touched 
by a tooth, this leaf will bo equally divided by the line of 
centres, so that its middle jjoint will be directed towards the 
-centre of the wheel as indicated in fig. 2, pdatc XI V. ( 1135 ). 

7- leai^ecl pinion. 

1133 . — A. 7-leaved pinion should have one-third plain and 
two-thirds space. The depth of a space is to bo between three- 
quarters and one half of the total radius, that is to say about 
three-fifths of that radius. 

The teeth and spaces of the wheel should be of equal width, 
and the height of the point a trifle in excess of two-fifths the 
primitive radius of the pinion. 

With such proportions the lead will commence when about 
two-thirds of the width of the leaf has crossed the line of centres 
(fig. 4, plate XIV.). Wo thus see that there will be less 
•engaging friction than with a 6-lcaved pinion ( 1135 ). 

8- lcaved pinion. 

1133 . — An 8-leavcd pinion should have one-third plain and 



630 


DEPTHS. 


two-thirds space, and the depth of a space should bo rather more 
than half the total radius of the pinion. 

The teeth and spaces of the wheel shoiild he of equal width 
and the height of the point between two-sixths and two-fifths of 
the primitive radius of the pinion. 

The lead avIII not commence until about three-quarters of 
tlie thickness of the leaf has passed the line of centres (fig. G, 
plate XIV.), so that the engaging friction is still less than with 
a 7-leavcd joinion ( 1135 ). 

O-lcavf cl pinion. 

1134 . — A 0-leavcd pinion should have one-third plain and 
two-thirds space. De])th of the S 2 )ace, half the total radius of 
the pinion. 

The teeth and spaces of the wheel should be of equal width. 
Height of the point just over one-third of the total radius of the 
pinion. 

The lead commences very near to the line of centres. Wc 
have not given a drawing of the 9-leaved ])inion as it is very 
seldom employed; the omission, however, can be easily supjdied 
by making a large scale drawing in the manner explained in 
article 1100 . 

FOB BECOIL ESCAPEMENTS. 

1135 . — The proportions given above should bo generally 
adhered to, for they limit the amount of engaging friction 
to what cannot be suppressed without giving rise to inconve- 
niences that are greater than those we wish to avoid ( 1138 ); but, 
as has beeji remarked in article 1135 , there are cases where it 
is preferable to have rather loss lead after the line of centres. 
In such cases, as with the verge escapement for example, the 
above proportions are retained for the pinion, and the wheel is 
modified in the manner explained below. 

The teeth being somewhat wider than the spaces, the sides 
of the ogives are made of a suitable epicycloidal form. It results 
from this slight change that the ogive is not quite so prominent 
and forces the leaf to a less distance and the following tooth is 
touched sooner, that is to say the lead commences in advance of 
the line of centres by a fraction of the thickness of a leaf that is 
almost exactly double that indicated under the head of each 
pinion. 

P^OFOBTIOirB FOB PINIONS WITH DISENCAGINC PBICTION. 

lO-leaved pinion. 

1136 . — The 10-leaved pinion (fig. 1, plate XIV.) is the first- 
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of those with which we can always ensure that the lead com- 
mences on the line of centres. But this condition requires that 
the leaf be very thin, in other words that rather less than 1/3''^ 
be plain and more than 2/3'’'^“ space; a proportion which Moinet 
gives in degrees, 11° for the thickness of a leaf and 25° for the 
width of a space. 

The depth of a space of tho pinion is about half the total 
radius. 

The ogive of the tooth should be epicycloidal, and in order 
to ensure tliat its lieiglit is sufficient the teeth ai'o made 
somewhat wider than the spaces. 

The height of the ogive is rather less than 2/5*“ the 
primitive radius of tho pinion. 

With sucli proportions tlie load is uniform and takes place 
entirely beyond tho lino of centimes, but there will be very 
slight freedom in tho depth and the least inequality of tho teeth 
may give rise to catcliings. AVith a vioAV to avoid this fault it 
is a common practice to give a somewhat greater freedom, and 
the lead then commences a little in advance of the line of 
centres, if not with all tho teeth at least with those that are 
unequal ; and wo know that such teeth cannot be considered 
rare in horological mechanism. When solidity is necessary, as 
in the centre wheel of a watch for example, it will be found 
beneficial to replace a 10-leavcd pinion, the leaves of which are 
always of necessity very thin, by one of 12 loaves, as with it 
tho loaves are more solid and alloAV of sufficient freedom to 
ensm-e tho engagement taking place, while the lead is, as before, 
after tho line of centres. / 

1137 . — When there is no objection to a small portion of 
the lead being before tho line of centres while it is desirable to 
avoid too groat pre cision at tho engagement, at the same time 
maintaining the strength of tho loaf, tho pinion may bo made 
1/3'''’ plain and 2/3''^* space, the width of the wheel teeth being 
reduced ; but it is essential to have, as a minimum, the teeth 
equal to tho spaces (when tho height of the ogive will bo 
somewhat reduced). 

We would hero observe that as tho leaves of pinions in- 
crease in number, the lead becoming shorter and shorter ( 1133 ), 
the inconveniences met with at tho termination of the lead, 
referred to as existing with recoil escapements ( 1135 ), become 
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gradually less sensible and thus the most important aim should 
be to avoid the existence of engaging friction. 

1138 . — Observations relating to the \0-leaved pinion . — The 
great accuracy required in a depth comprising this pinion, in 
order to avoid lead before the line of centres and to prevent 
drop, explains the fact that very few are met with that satisfy 
the theoretical conditions. 

For some time past great numbers of watches have been 
produced in factories of only moderate note in which 10-leaved 
pinions are used freely, and their makers do not seem to even 
suspect that the unintelligent construction of these j)inions 
altogether neutralizes the advantages that are anticipated from 
their being liigh numbered. With badly made 1 0-lcaved pinions 
the engaging friction is equal in intensity if not in duration to 
that of an 8-leaved pinion, and they do not, like this latter, 
secure a certainty in the engagement. 

1139 . — The 10-lcavcd pinion is much employed for the 
centre wheels of watches. In that position the lead on each 
leaf continues for six minutes ; if one portion of it is accompanied 
by engaging friction it is evident tliat there will be serious 
variations in the motive force transmitted to the regulator 
during this period. 

1140 . — Moinet observes that there is danger of catchings 
with a 10-leaved pinion if the leaves are made too thin. We 
think this must be a typographical error, for the only danger 
of a thin leaf consists in its fragility and the risk of distortion 
when it is hardened. If he meant that it is a mistake to make 
the leaf thin without a proportionate increase in tlic width of 
the teeth, he should rather have said that catchings are liable 
to occur when the wheel teeth are too thin; this is true, 
especially with very thin leaves for with such the rounding will 
be continued for a very short distance on either side, and the 
primitive radius is longer than it should be ; the pinion in fact 
is too large although its total diameter is correct ( 1133 ). This 
case is very frequently met with. 

11-leaved pinion. 

1141 . — The advantages that characterize the 10-leaved 
pinion are still more marked in the case of one with 11 leaves. 
With the latter it is impossible to make the teeth and spaces of 
the wheel equal without danger of the lead commencing before 
the line of centres, and the pinion can have rather more than 



PINIOKS OF 12 AKD MOEE LEAVES. 


633 


1/3’’'’ plain and less than 2/3''^’ space; the ogives of the teeth 
may bo slightly loss than the primitive radius of the 
pinion. 

As the 11-leaved pinion is very seldom used we have thought 
it unnecessary to illustrate tins case, hut a drawing can be easily 
made in the manner explained in article 1100 . 

13'leaved pinion. 

1142 « — The 12-leaved pinion (fig. 3, plate XIV.) is in 
reality the first of those with high numbers that allows of tlie 
teeth and spaces of the wheel being equal without involving any 
doubt lest the lead should commence before the line of centi^ 
and it at the same time gives a leaf of sufficient strength with 
the requisite freedom in the depth. 

It should have two-fifths plain and three-fifth-s space, or A© 
plain is to the space as two is to three ; thus if the arc* coTCWrf 
by a leaf and space be taken together and divided into fir® 
equal parts, iiuee of these will form a space and two will give 
the thickness of a leaf (fig. 3). 

The depth of a s]mci' sliould bo rather less than half tJio 
primitive radius of the ])inion. 

The height of the ogive will be two-sevenths the primitive 
radius of the pinion. 

If all the rules arc carefully followed out the fine point of 
the ogive will not take any active part in the lead and may 
therefore bo gently smoothed oft’, hut it is -well to retain it as a 
precaution, and from the fact that the untouched tooth presents 
a better appearance. 

Pinions of 14 leaves and liisiier. 

1143 .— Above 12, that is to sa}' coninioncliig with the 
14-leavcd pinion (fig. 2, plate XV.), sinct' we neglect that of lli 
for a reason subsequently given, the lead always commences on 
tlic line of centres ; the teeth and s])acos of the wheel should bo 
of equal width, and the spaces of the pinion rather wider than 
the leaves. 

With the exception of the 14-lcavcd pinion we have omitted 
to oive drawings of any above 12 leaves, but this omission can 
easily be remedied by drawings made with neatness and pre- 
cision, and the explanations already given should amply suffice 
to enable the reader to prepare such figures. 

We would only add in order to facilitate this work, al- 
though some of the following remarks have already been made : 
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always commence from the point of first contact to divide the 
circumference of tlie wlieel, and complete the teeth ; tlien mark 
off, provisionally, the thickness of the leaves, a thickness that 
must finally be determined by the amount of freedom necessary 
between the tooth and the rounding of the loaf (o n ) ; for it will 
be evident that on diminishing the thickness of a loaf along 
» a: the freedom gradually increases. 

The non-acting portion of the ogive may be removed. 

When the teeth are rcfpiired to withstand a considerable 
pressure the bottom of the spaces is rounded as indicated by 
dotted lines E and c (fig. 2, plate XV.). 

1144 . — It has been seen from article 1124 that with high 
numbered pinions the engagement becomes more and more fine 
and that the necessity of such very great accuracy may occasion 
catchings, especially in case the pivot-holes increase. High 
numbers, moreover, have the objection that the teeth are too 
fine to be sufliciently rigid. 

Watchmakers will do well to adopt the intermediate num- 
bers, in other words the series of pinions of from 10 to 18 loaves. 

GENERAL OBSERVATIONS. 

On tlie advantage of ascertaining the point at wliicli lead commences. 

1145 . — The point at which the lead commences is, as we 
Lave already seen, fixed for each pinion ; but it must be re- 
membered that its position relative to the line of centres is only 
invariable on the supposition that the pinion conforms to the 
theoretical rules, for the reader has already understood that a 
change in the proportions occasions a variation also in the 
position of the point at which the lead commences, so that this 
point is moved: (1) away from the line of centres when the' 
pinion is too large by an amount dependent on this excess, etc. ; 
and (2) towards and even up to the line of centres with low 
numbered pinions if they are too small, etc. 

In the first case there will bo increased engaging friction 
with catchings, etc. ; in the second case the lead will bo 
irregular and characterized by slipping, drops, etc. 

On pinions of odd numbers. 

1146 . — No inconvenience need be anticipated from the 
employment of odd numbered pinions providing they are made 
with care in accordance with the preceding rules, notwithstand- 
ing that certain watchmakers hold a contrary and unfounded 
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opinion. The only objections that can be urged against them 
arc: firstly, the numbers 7, 11, 13, being prime numbers, with 
no divisors but themselves and unity, present certain difficulties 
when an attempt is made to combine them with other numbers 
that must enter into the calliper of a watch ; secondly, there is 
some difficulty in accurately measuring the total diameter of a 
pinion and of ascertaining by the eye whether the faces are 
directed towards the centre, an inconvenience that is not ex- 
perienced with an even number of leaves where there are always 
two leaves opposite to each other, and any error in the direction 
of the faces is immediately sensible to the eye. 

1147 . — The extreme diameter of an odd numbered pinion 
is measured on a thin plate perforated with holes, by introducing 
a small tapered scale rounded at its edges into the hole that the 
pinion entex’s without jilay. Then mark the point to which it 
descends, and the width of the rule at this mark being measured 
with care gives an exact determination of the required diameter. 

On tlie importanco of varyinc; the form of tlie cpieycloid to correspond with the 

diameter of tlie wliccl. 

1148 . — The cpicycloidal face of the ogive that engages 
with a given pinion varies slightly when the number of teeth of 
the wheel is changed, and this of course varies in diameter if 
the pitch is maintained the same ; but this difference can be 
considered negligeable so long as the number is not varied from 
that originally fixed upon by moi’o than a third or a quai'ter. 
Thus fig. 3 (plate XIV.) would give the proportion for the teeth 
of all wheels of from 50 to 120 teeth engaging with a pinion of 
12 leaves. 

If the pinion remain the same, the ogh'e will be a little 
more straight and elongated with a wheel of 120 teeth and the 
converse will be the case with a 50-tooth wheel, comparing in 
each case with figure 3. 

1149 . — If it be desired to ascertain the position of the pitch 
circle of a completed wheel, it must be remembered that the 
fibrst part of an epicycloid is hardly at all curved and is almost a 
continuation of the straight face of the tooth, so that if the 
primitive circle be assumed to pass through the points at which 
the curvature of the ogive becomes somewhat marked, it will be 
too large. 

Drawing a pitch circle on the teeth will materially help in, 
ascertaining the correct pitching of the depth. 
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CHAPTER V. 

SUMMARY OP THE CAUSES OP STOPPAGE AIVD 
TARIATIOY OCCASIOXEH BY BAB DEPTHS. 


Practical Examination. 

1150 . — Tlie (Ictiiils into wliii-h wc liavc already entered 
will abundantly suffice to enable every iutellij^cnt and careful 
reader to understand the conditions that should characterize 
each transmission of movement by means of toothed gearing’, 
and to discover the causes that may render this mode of trans- 
mission irregular and occasion wear of the acting surfaces, as 
well as those which may so far interfere with the action as to 
stop the movement of the machine. 

This chapter then can only be regarded as a suj^plcment 
to those that precede it, and wo must hero confine our attention 
to a brief enumeration of these causes and of the characteristic 
signs that indicate the existence of each particular fault and to 
directing attention to the exact jioints where correction is 
essential. 

Depths are defective 

1151 . — (1) When the primitive diameters are not correctly 
proportioned, a fact which is expressed by saying that the 
pinion is too large or too small ; 

(2) When the centres of the mobiles are too far apart or 
close together, in other words when the pitching of the wheel 
and pinion is too shallow or too deep ; 

(3) When the teeth and leaves are incoricctly formed ; 

(4) When the leaves are too thick ; 

(5) Wlien the teeth are too broad or too narrow ; 

(6) When the circumferences are unevenly divided or, in 
other words, when the teeth or the leaves arc uneven. 

Dffecis dtie to had depths* 

1153 . — The detrimental effects are here classified in the 
same order as the causes that have produced them ; so that each 
number corresponds to. the same number in the previous article. 

(1) If the pinion is too large, there will be a loss of force 
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caused by wear and catcHngs which will in time occasion the 
stoppage of the machine. 

When the pinion is too small the greater part of the lead 
will be characterized by slipping and drops; both causes of wear 
and loss of force. 

(2) Wlien the depth is too deep, the back of the tooth rubs 
against the leaf or very nearly docs so at the moment of its 
entering a space of the pinion, and there will be slipping and 
even a drop. 

When the depth is too shallow the lead commences farther 
from the line of centres. There is a considerable amount of 
engaging friction with a tendency to a butting action, and the 
lead becomes an irregular and raj^id slipping action. 

(3) When the ogive of the teeth is too pointed, it is neces- 
sary to pitch the depth very shallow, and with short ogives the 
pitching must bo deep. The inconveniences of such proceedings 
have just been indicated. Moreover an ogive that is too short 
(too much rounded on its faces) docs not impel the leaf far 
enough if the depth is correctly pitched, besides which there 
will be engaging friction ; if the pitching is too deep the en- 
gaging friction will become less but the lead will be characterized 
by irregularity in the rate of movement and drops. 

The measurements adopted for determining the sizes of 
pinions ( 1108 ) have been calculated for the case in which the 
point of the leaf is rounded in a semicircle ; it follows therefore 
that, if these measurements are applied to pinions with leaves of 
barleycorn form, the pinion will be found too small as regards 
its primitive diameter, and the lead, especially towards its 
conclusion, will be simply a prolonged slijiping action or a 
drop. 

(4) When the leaves arc too thick the lead commences as 
much in advance of the line of centres as the thickness is in 
excess. 

If with leaves that arc too thick the lead commences at the 
proper point, the pinion is too small ; the conclusion of the lead 
will only bo a slipping followed by a drop. 

(5) When the teeth are too wide, the freedom of the depth 
is insufficient. In order to avoid catchings it will be essential 
that the pitching be shallow. 

If the teeth are too thin, the ogive cannot have the requisite 
height or form ; the lead becomes nothing more than a sue- 
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cession of engaging frictions, irregular slippings and drops. It 
is usually more easy to secure a passable depth with the teeth 
of the wheel too thick than when they are too thin. 

(6) Inequalities cither of the teeth or leaves may arise from 
distortion in the hardening or from want of truth in the wheel- 
cutting engine, I’ounding-up tool, etc., or from the w'heel or 
pinion not being true on the pivots, and these inequalities may 
give rise to any of the faults above indicated. At some places 
the depth wull be shallow, at others deep ; some teeth will give 
rise to considerable engaging friction while others cause a 
drop, etc. These faults, which are due to bad workmanship, 
may be detected by the fact of the lead commencing ncai’cr to 
the line of centres with some teeth than others. 

1153 . — Whichever of the above cases is found to occur, 
there will always be an irregular transmission of force and 
therefore a loss of energy, because the useful efrect is less than it 
might be. The motor experiences an excessive resistance and, 
in order to overcome it, must have greater energy, the effect of 
which will be a more rapid W’^car of the acting surfaces. 

A train that, is marked by several of these faults cannot fail 
to transmit irregular impulses to the balance, and the detri- 
mental effect of such on the timing is well known. If the train 
be allowed to run down it will do so noisily and with constraint. 


To practically examine a depth. 

Summary of tho cliaracteristic signs of faults. 

1154 . — Five principal points have to be considered when 
examining a depth, namely : the engaijement^ the commencement 
of the lead, the freedom, tho lead generally and especially its 
termination. 

(1) The engagement should take place without straining and 
there should be enough freedom between the back of a tooth as 
it enters a space and the next leaf of tho pinion. 

(2) The commencement of the lead should take place on the 
line of centres or, in the case of low numbered pinions, at tho 
distances from this line indicated in chapter IV. for each kind 
of pinion. 

If the lead commences too far from this lino, it proves that 
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one or more of the following faults exists ; pinion too largo, 
leaves too thick, ogives too short or too much rounded, pitching 
too shallow, etc. 

Should it commence nearer to the line of centres than the 
required amount one or more faults may exist, such as : too 
small pinion, ogive too much elongated, pitching deep, etc. 

(3) In whatever position the tooth he, it must always be 
able to move with a certain amount of freedom between the 
loaves. 

(4) Throughout tlie lead the acting surfaces should always 
develope uniformly from each other. By holding the depth up 
to tlie light and examining by means of a powerful eyeglass, it 
is easy to ascertain whether one surface slides too rapidly at 
any period, as would be the case with a badly formed ogive or 
with a pinion of the wrong size or wlien the pitching is too 
deep or shallow. For it will be well to remember that opposite 
causes may often give rise to identical results. Thus if a depth 
be pitched much too deejr or too shallow it will in both cases 
cause a st ppage through butting action. 

(o) It is very important to observe with the most minute 
care the icTinination of the load. If there be any slipping or 
drop or if the tooth leads by its point, we may be certain that 
one or several faults exist : the pinion is of wrong size, pitching 
too deep, ogive too short or badly formed, etc. 

1155. — Examiners and manufacturers that are thoroughly 
conversant with the principles that have been developed above, 
as well as with the piuctical observations that supplement them, 
can an'ango for themselves a rapid and at tlic same time exact 
method of examining which, after a short time, will naturally 
lead to rapidity and certainty in their work, such as cannot be 
arrived at by adopting the so-called practical methods of ex- 
amination, for these are not founded on any precise principles 
and therefore compel those that adopt them to work in the dark. 


Werifleatioo by touch. 

1156. — ^Watch repairers that examine watches and receive 
hut insufficient payment for their work, may proceed with 



640 


DEPTHS. 


greater rapidity in the examination by accustoming themselves 
to feeliho depths. 

A point of pegTvood is held in one hand and pressed on tho 
top pinion pivot while the other hand turns the wheel gently by 
means of a second pogwood point. Several consecutive turns of 
the wheel in the direction in which it is intended to go will 
indicate whether the lead takes place smoothly and without 
scraping, catchings, etc. Carcfull}’- feel the amount of freedom 
in each successive position of a tooth. 

Now make a second verification of tho depth on tho depth- 
ing tool ; the two examinations will thus control each other. It 
will bo well to perform tho double operation for some time, in 
other words until the hand has attained to groat sensitiveness 
and the workman is jjcrfectly cognizant of tho amount of freedom 
necessary to ensure the proper action of the parts ; when this 
point is arrived at he can do without the depthing tool and 
have no hesitation in testing the depth by mere touch. 

Wo recommend the practice of verifying on the tool for 
some time concurrently with the other method because without 
a certain amount of experience one is easily deceived by shallow 
depths that are smooth to the touch and which, while not 
actually causing the watch to stop, interfere seriously with the 
timing. 

1157. — For testing clock depths the pegwood is nearly 
always useless because the fingers can gently press against the 
axes and allow or suppress the freedom of tho pivots in their 
holes at will while at the same time giving motion to the wheels. 

If necessary the workman can make openings or lanterns to 
enable him to examine tho depth with an eyeglass. These 
aflFord an excellent mode of verifying but should only bo employed 
when the lanterns can be made without impairing the solidity 
of the piece perforated or the good arrangement of the whole, or 
increasing the difficulty of repairs that may have to be made in 
time. 

At the pivots of tho extreme mobiles of a watch, which only 
require a very small quantity of oil, it would be well to make tho 
oil cups no larger than is necessary and to leave tho external 
face of the jewel flat. It will then be possible to follow the 
action of the teeth and leaves by looking through the jewel with 
an eyeglass, the plate resting flat on the bench or being held 
vertically in the air to a cross-light. 
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To remove tlie causes of Stoppage. 

Bcduciog the size of a pinion. 

1158 . — In high class clock and watch-work a pinion that is 
not of the exact size to secure a good depth must be replaced. 

In the more ordinary horological mechanism the watch- 
maker, especially in the country, will usually bo under the 
necessity of retaining a pinion although he may be satisfied 
that it is defective cither as regards form or dimensions. 

As a rule in such cases : 

If the pinion is slightly large the pitching must be deep^ in 
other words the point is found at which the tooth impels the leaf 
to the greatest possible distance without danger ; for the engaging 
friction of the lead has to bo diminished as much as possible. 

Or the size of the pinion can be reduced in the manner 
indicated in article 

When a pinion is somewhat small there is not much danger 
of butting, but the drop will be considerable ; this fault can be 
reduced by pitching the depth rather shallotv. 

Or, if preferred, the primitive diameter of the pinion can 
be increased by the method referred to in article tl'2% 

1159 . — A slight inequality in the teeth of the wheel and 
another in the leaves of the pinion, resulting from bad polishing, 
or a wheel or pinion out of truth, which is very common, occa- 
sionally and at long intervals combine together and give rise to 
stoppage that causes great trouble to watch repairers. This is 
especially the case with a 10-leavcd pinion, and, in general, 
with all pinions that are at all too large. By slightly diminish- 
ing the pinion the cause of stoj^pago will bo removed. 

This can be accomplished, in cases where the pinion cannot 
be replaced or the wheel removed, by the following method. The 
total diameter of the pinion is first reduced on the turns, as in- 
dicated at a h (fig. 13, plate XV.) and the sharp corners of the 
leaves arc rounded off as well as possible by scrai^ing in the 
direction of their length with the cutting edge of a fine, well 
sharpened graver. The pinion should rest in a hoUow made in 
a wooden block, so that the pressure of the graver may neither 
strain the wheel nor loosen the riveting. Or the manipulation 
might be rendered still more easy by waxing the wheel to a 
brass disc or a ferrule. 

Having done this, the wheel is set between the two centres 
of an instrument arranged for the purpose (a depthing tool for 

41 
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example) and between tlic otlier two centres is placed the axis 
of a wooden polisher cf. The latter pair of centres is undamped, 
but they are united by a rigid metallic arc that maintains them 
firmly, while it is possible to give a sliding motion to the polisher 
in the direction fff. 

The rcinaiiider of the operation will be easily understood: 
a bow is plaecd on tlie ferrule of the polisher, which is then 
caused to rotate while engaging with the pinion, the wood being 
charged on its circumference with oilstone dust and oil; and the 
rotation is maintained while a sliding movement is given to 
the polisher as indicated by the arrows. The operation should 
then be completed by using another polisher charged Avilh rouge. 

The form and general arrangement may be varied if desired, 
but CA'cry watchmaker will be pei'fectly competent to adapt it to 
his particular requirements Avithout further explanation. 

1100 . — Teeth that are rough to tlic eye or Avhosc faces arc 
not perpendicular to the plane of the AA'liecl are often much 
improved by smoothing with soft charcoal. A small piece of it 
is used moistened Avith oil or it may be ground in oil and used 
on a brush. Only angles that are too sliarj) must be smootliod 
and rounded, and care should bo taken not to distort the teeth. 
The method iii\"olves caution and intelligence. 


CHAPTER VI. 

TARIOVS KlIWDS OF DEPTHS. 

DEPTIl IN wnicn THE PINION DRIVES TRE WIIEEl. 

Each mobile ilriveo and Is driven. 

1161 . — We have hitherto only considered the most general 
case, namely that in which the wheel leads the pinion; we now 
proceed to examine the special case of the pinion driving the 
wheel, or of each mobile being alternately driven and driving. 

When the pinion leads the wheel the principle already 
enunciated still holds, that is to say the primitive diameters arc 
invariahhj proportioned to the numlcr of teeth ; the folio Aving are the 
only changes made: 

(1) The ogive of the wheel tooth is a semicircle (fig. 10, 
plate XIII.); 

(2) The slight increase recommended ( 1099 ) for the primi- 
tive diameter of the leading mobile Avill in this case be on the 
pinion; 
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(3) The ogive, now formed on the leaves of the pinion, is 
indicated by the epicycloid traced out by the generating circle 
G D p (fig. 10, plate XIII.), whose diameter is equal to the 
primitive radius of the wheel; 

(4) The leaves and spaces of the pinion are of equal width 
•or very approximately so; tlie spaces of the wheel are rather 
wider than the teeth, according to the general rule, to which 
there are but few exceptions, that the driving mobile should have 
the spaces and teeth or leaves equal, and the mobile that is driven 
should have the former wider than the latter to an extent that 
depends on the amount of freedom necessary, etc. 

1163i — It will be observed that, when this class of depth 
is made in accordance with the theoretical princijilos, it is 
characterized by an absence of engaging friction ; but, in the 
case of a C or 7-lcavod j anion, the engagement of tlie point of 
the ogive will be marked by a very minute interval of safety. 
If the fi'eedom be sufficient to avoid this fault we are met by the 
difficulty of a slipping of the point of the ogive towards the 
end of the lead, and there will be a slight engaging friction. 
With an 8-lcavcd jiinion and upwards these difficulties need not 
be anticipeded ; tlie ogive becomes gradually longer, and it may 
even be found necessary to remove that portion of it that takes 
no part in the lead an(;l whose only effect is to interfere with the 
engagement. 

1103. — ^Wc see that the practical rule to make the pinion 
.somewhat large is utterly at fault, for the primitive diameter 
remains the same ; it is only the rounding that is prolonged 
and changed in form. It is by no moans rare to meet with 
pinions that satisfy this practical but erroneous rule, e.specially 
in the motion work ; thus these pinions, with a primitive 
diameter that is too groat and rounded when they should bo 
formed with an ogi ve, ai‘e characterized by a load that is all or 
■nearly all accompanied by engaging friction. 

Wlien the depth is required to act in both directions, each 
mobile alternately driving and being driven, the pinion is 
formed as above explained and the points of the wheel teeth 
are cpicycloidal ogives ; but it is usually better in such cases to 
employ involute teeth. 

TEETH OF A CCKVED SACK. 

1164. — Since a curved rack is nothing more than an arc 
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of a circle, or rather a portion of a wheel, such a depth will be 
included under the general conditions. 

The following method is adopted in most cases : 

First determine the distance D « (fig. 14, plate XV.) between 
the two centres, then draw the two radii D a, d J from the centre 
of the rack, giving tlie extent of its displacement, that is to say 
the space over which it is required to move, which will be 
represented by the are ach. 

Half of this space, or the angle <? d 5, gives the length of 
rack that is indented. Assume that the pinion performs two 
complete rotations while the rack ti'avels from e to a. The 
pinion then should have a number of leaves equal to half the 
number of teeth in the racked; let 6 and 12 bo these numbers. 
Measure the angle e v> h accurately in degrees, and it should 
always be an even fraction of 360*. As an illustration, let this 
angle be 40® and we shall find; if 40" contain 12 teeth and 12 
spaces, the total circumference will contain 216 (24 x 9), for 
40® X 9 = 360®, or an entire circumference. Thus if a complete 
wheel were required it would have 108 teeth. 

The remainder of the operation resolves itself into deter- 
mining the proportions of an ordinary depth between a G-leaved 
pinion and a 108-toothed wheel, the distance between the 
centres being known ( 1049 ). 

If the pinion were only required to jierform half a rotation 
for the entire length of the rack, the number of leaves would bo 
twice the number of teeth in the length of the rack ; when the 
pinion only makes one turn, the two numbers will bo equal ; if 
it makes two turns the number of leaves will bo half the number 
of teeth, etc. 

TEETH or A STBAienT BACK. 

1165 . — The teeth of a straight rack (fig. 10, plate XV.) 
differ from those just considered because in this case the move- 
ment is transmitted from a circle to a straight line or conversely. 
The curves employed will no longer be the same. 

When the rack drives the pinion, the ogive of the teeth will 
be given by the cycloid traced out hy a generating circle whose 
diameter is the primitive radius of the pinion. 

When it is the pinion that drives the rack, the ogives of 
the leaves acting on the faces of the teeth must be the involute 
of the generating circle. 

In either case the primary proportion will remain as before; 
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that is to say, the length of rack is to the geometrical circumference 
of the pinion as the number of teeth is to the number of leaves. 

If we compare tlie cycloid and epicycloid that are traced 
out by the same point of a generating circle when it rolls on a 
straight line and circle, we notice that the cycloid ascends less 
rapidly so that it will impel the leaf to a less distance, and thus 
there will be a greater proportion of the lead before the lino 
of centres (fig. 10). 

Contrate depths for watches. 

llOOi — Contrate wheels, as they are made in watches, do 
not give a uniform load. They belong to the class of skew or 
bevel depths, that is to say those whose axes are inclined at an 
angle instead of being parallel ( 1178 ); hence it follows that 
not only must the pinion be conical, but also the ogives of the 
teeth, having surfaces of double curvature, should bo parts of 
spherical epicycloids : conditions that are quite impracticable on 
a small scale. 

It is therefore considered that a sufficient approximation to 
the uniformity of the theoretical lead is secured by making the 
tooth resemble those of a straight rack, to which they are some- 
what analogous, and to introduce certain modifications for the 
purpose of facilitating the movement, such as tooth that are 
much thinner at the top than at the bottom (measuring the 
thickness at the outside), a pinion that is slightly small, the 
pitching rather shallow, spaces wider than the teeth, and if pos- 
sible the latter inclined outwards and rounded crosswise on the 
acting faces ; the pinion leaves should by preference be barley- 
corn shaped ; the commencement of the lead with a 6-leaved 
pinion is at least 2/3rds of the thickness of the loaf in advance 
■of the line of centres, etc. 

These modifications are evidently made with a view to 
facilitate the recoil of the escape-wheel from the verge, by 
diminishing the amount of load after the line of centres. It 
will be obvious that the more it is continued beyond this line, 
the more the tooth butts against the leaf on reversing the 
motion, occasioning a resistance to the recoil. The escapement 
is thus overpowered; it regulates with difficulty, and rapidly 
becomes sluggish in its movement. 

The facility of recoil is one of the signs of a good contrate 
depth employed in a train that is governed by a recoil escape- 
ment. 
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By increasing the number of leaves of tlie pinion the recoif 
becomes less and less constrained, since the dui’ation of the lead 
is reduced. 

Tlie article on skew depths (1178) will give the reader 
some further information; it will also enable him to form and 
pitch his contratc depths to the best possible advantage. 

INTEBNAK DEPTHS. 

1107. — ^When it is required that tAvo parallel axes turn in 
the same direction, an internal dej)th may be resorted to. 

Fig. 7 (plate XV.) represents such an one : the pinion, 
having straight faces, is driven by a wheel whose points are 
traced out by the rolling of a small generating circle c inside the 
pitch circle of the wheel (1038). 

This class of depth is very rarely used by watchmakers, 
and we would refer the reader to special treatises for fuller 
details on the subject; we will only observe that they give rise 
to friction of somewhat less extent when the wheel drives the 
pinion, as indicated in fig. 7, than Avhen this same pinion is 
driven by a Avheel having the same pitch circle but external teeth. 

TO DBAW INVOLVTE TEETH. 

1168. — Let circles described with the radii no, p o, so that 
they touch on the line of centres at o, be the pitch circles of the 
wheel and pinion (fig. 12, plate XV.). 

Through o draw a straight line /o t v, which will be a secant 
to the two circles. From the centres p and e draw j)erpendi- 
culars vm, Rif on this line; and with vm and e ^ as radii de- 
scribe two circles concentric with the first circles. These circles 
will bear the same proportion to each other as the pitch circles do. 

As the contact of the two teeth has to occur on the portion 
m t of the line fo tv, draw from a point taken on this portion of 
the line, s for example, the involute csd of the circle vm. 
Through this same point s, which is the point of contact, trace 
out the immlute gsh oi the circle e t. 

The curves c s d,g s h, determine the sides of the points of 
the leaves and teeth respectively. 

If it be required that the drawing represent the depth at 
the moment of contact on the line of centres, it is only necessary 
to draw through o two curves parallel to those previously drawn ; 
and then commence firom o when subdividing the wheel and 
pinion. 
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The effective height of the points should be indicated on 
the drawing in order that the spaces may not bo deeper than is 
necessary. 

In depths of this class the lead takes place partly before 
and partly after the line of centres. The two mobiles can 
alternately drive and be driven without requiring any change. 

1160 . — Olscrvations. — Engineers, when they trace out 
teeth of this form, incline the line / o t v at an angle of about 
75" to the line of centres. Some prefer to adopt the following 
method : measure from the point o on the circumference, s, an 
arc equal to twice the pitch of the wheel ; — assume this to be 
ozf (exaggerated in order to render the details more intelligible). 
Through the point / thus determined and o draw a straight lino, 
which will be the required secant. 

After the pivot-holes have become somewhat enlarged, 
involute depths still work very well and with sufficient uni- 
formity in the lead and pressure ( 1083 ). 

UNTEBN rmON DEPmS. 

1170 .— The two discs that maintain the cylindrical bars of 
a lantern pinion in position are termed frames or plates j and the 
bars, which take the place of leaves, arc known as the rounds. 

A lantern pinion depth (fig. 5, plate XV.) must be made in 
accordance with the invariable law that the primitive diameters 
are proportional to the number of teeth. The pitch circle of 
the pinion, passing through the centres of the rounds, v, r, a, i, t, 
etc. is also the generating circle for the points of the teeth. 

The plan of a depth of this descrijition is based on the 
following theorem : 

Let p (fig. 6, plate XV.) be the pitch circle of a lantern 
pinion whoso rounds are as fine as the points that represent 
them, and let r be tlie pitch circle of the wheel. If the two 
circles are placed in contact at the point a, and p is caused to 
roll on R, this point a will trace out the epicycloid aol. But 
since this curve has been traced out by the point itself it 
necessarily follows that the straight line a; y is a normal both to 
the curve and to the fine pin «, and it further follows, from the 
previous considerations, that if this fine pin were fixed in the 
circle p and impelled by a piece of the form a ob projecting 
from the circle r, the disc R would drive the disc p with a 
uniform velocity and force. 
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Now suppose tliat with tlic point o as a centre wo desciilo 
the circumference of the round n e, and from the point c draw 
the curve c d parallel to a o b; we oould prove, for the reasons 
already explained, tliat the straight line s y, wliich is normal to 
the point o and to the epicycloid o o is also normal to the 
curve c d and to the cylindrical face of the round ; hence it follows 
that, if the pin a have the diameter w r, and the ogive on the 
disc JR be of the form c c?, this ogive w'ill drive the round in the 
same manner as the epicycloid a o h would drive a fine point 
or roimd o. 

To draw a lantern pinion depth. 

1171 , — After having determined the primitive diameters 
that are proi^ortional to the number of teetJi, draw the two 
pitch circles ; let these be D a d' and v r ah t (tig. 5, jilate XV.) 
tangential to each other at the point a on the line of centres. 
This point will be the centre of a round \ and, after having 
marked it out, it will be easy’’ to fix the centres of all the other 
rounds. 

The pitch of the wheel is knovni (since it is the length of 
the circular arc ah')', if not known it might be calculated, and 
then take half, which will, in the most general case, give the 
width of a tooth, since the teeth and spaces are equal; the 
other half of the pitch will represent the diameter of a round, 
c d, plus the amount of freedom necessary to ensure the proper 
engagement of each tooth with the rounds, that is the interval 
d h. The amount of this freedom will be diminished as the 
number of teeth in the mobiles is increased. It can be aj)- 
proximately determined for the several cases by measurements 
taken from the figures on plates XIV. and XV. 

When it has been ascertained we know the diameter of the 
first round c d ; this can be drawn in, and then all the others, 

V, r, h, t, etc., in succession. 

Commencing from the point a, trace out the epicycloid a f, 
and, with a radius equal to that of the round, describe the series 
of small circles i,i\i", etc., having their centres on this epicycloid; 
then find by trial the centre from which a circular arc can bo 
traced tangential to all these small circles. This arc, c n (fig. 5), 
is the side of the ogive, and it only remains to subdivide the pitch 
circle and fill in the teeth. 

The final contact of a tooth and round occurs at p, for the 



LANTERN PINION. 


649 


succeeding tootli then just comes into action; this fact gives a 
means of determining the useful height for the ogive. 

1173 > — Observaiions . — In writing on horology watchmakers 
that only concerned themselves with watches and timepieces 
have condemned lantern pinion depths without exception. 

On the other hand, those who occupy themselves with the 
manufacture of turret clocks, and have had experience of lantern 
depths, continue to employ them with some advantage. 

This contradiction can be very easily explained. 

It is objected to the lantern dei^th that: 

(1) When the wheel impels the pinion; — ^the two acting 
surfaces do not developc from each other, and a portion of the 
lead takes place before the line of centres. 

(2) When the pinion drives the wheel; — the lead is cha- 
racterized by engaging friction and a butting action which very 
rapidly destroy the surfaces that come in contact. 

Theoretical men, and mechanicians who followed in their 
track, considering that in the great majority of machines the 
mobiles will be called upon alternately to drive and bo driven, 
have concluded that this form of depth is incomplete. 

This consideration loses nearly all its force in the case of 
turret clocks, where wheels that arc high numbered drive pinions 
of at least eight or nine rounds and ahvays in the same direction. 

We may dismiss the very rare case of the pinion driving 
the wheel ; in such a case the lantern would be useless and a 
solid pinion with leaves terminating in ogives would bo 
essential; but let us compare two depths with the same number 
of teeth and primitive diameters, but one a lantern pinion 
depth and the other with a solid j)inion, the leaves having 
straight faces; it will be seen that : 

The lantern depth is objectionable in that: — there is rather 
more lead before \;he line of centres and a less extent of surface 
acting on the round, which may be assumed to be stationary. 

It is advantageous because : — the pressure towards the end 
of the lead is less since it acts through a longer virtual lover, , 
and the pressure is less variable throughout the lead. 

We therefore conclude that if the surface of each round is 
accurately parallel to the face of the tooth and the width of this 
latter is proportional to the pressure applied at it ( 40 ), the total 
friction in the two classes of depths may be regarded as equal. 

Experience has confirmed this conclusion, and its accuracy 
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can be easily })roveJ by an examination of well-made clocks. 
Among those we have examined, several that were made by the 
celebrated family of Lepautc, some with fixed rounds and others 
in which they were movable, only showed very slight signs of 
wear- although evidently very old and much used. 

In conclusion then, when we remember the case with which 
a perfect lantern pinion can be made without any risk of distor- 
tion in hardening, as is the case with the solid pinion, wo must 
come to an opposite conclusion from that usually current 
amongst watchmakers, namely that a lantern pinion, if well 
made and employed with judgment, possesses many recom- 
mendations for ordinary clocks of large size. 

The employment of loose rounds, that is rounds that were 
formed into pivots at their extremities, has been very generally 
abandoned notwithstanding the manifest reduction in friction 
th at they secured. "Wlien the pivot holes became enl arged through 
wear, the repair of the pinions was very difficult and costly. 

1173. — It is not customary for manufacturers to harden 
the rounds because they have never been able to detect more 
than a very slight amount of wear, which was negligcablc. 
Yet we cannot help thinking that if the rounds were hardened 
at their acting surfaces they would ensure still greater certainty 
in the action. 

woBii-WDEEi. DEnrn. 

1174. — ^If the pitch of a screw be the same length as the 
pitch of a wheel, which is measured along the primitive circle, 
it is manifest that one turn of the screw will only advance the 
wheel by one tooth, whereas one rotation of the wheel will 
cause the screw to rotate as many times as there are teeth of 
the wheel. This simple mode of causing one axis to perform 
a much greater number of revolutions than another by substitut- 
ing a screw for the ordinary pinion, has recommended itself to 
some watchmakers for use in horological trains. Their attempts 
have always failed because the movement of the screw involves 
a considerable pressure in a direction different to that in which 
the rotation occurs, adhesion effects are occasioned by this 
pressure that are very variable, all the more so when the screw 
is inaccurately made, when, as is by no means rare, it is dis- 
torted in the hardening, and when the velocity of movement is 
reduced. Besides this nearly the entire pressure of the wheel 
takes place along the axis of the screw and is supported by the 
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extremity of a pivot ; it is thus concentrated on a small area, 
which soon shows signs of wear. If in order to diminish this 
effect the pivot ho made largo, the resistance opposed to the 
movement will he augmented very materially with the least 
thickening of the oil. 

It is advisable that as far as possible the action of the wheel 
he opposed to the weight of the mobile that carries the screw; 
the friction of the pivot that is due to the weight of the mobile 
will thus at any rate be avoided. But this advantage is of 
minor imjiortancc compared with the condition that the pressm*e 
must not lift the mobile, since there would then be a displacement 
and loss of time. 

1175 . — To draio the depth. — Let p be tlie pitch of the screw 
{ah, fig. 9, plate XV.) and n the number of teeth in the wheel J 
the pitch circle of this latter will therefore measure P x n. 

The primitive diameter of the wheel will be obtained from 
the proportion 

3'1416 : 1 : : p X N : rr. 

Half of this value of x is the primitive radius of the wheel. 

With the radius D c so obtained (fig. 9) describe the cix’cle 
j cs. At the point c, erect a perpendicular^ / which fixes the 
pitch line of the screw. 

Divide the wheel into N equal parts commencing at the 
point c, the length of each arc cs, etc., being equal to the pitch 
of the screw a h. Draw in the teeth, equal in width to the spaces, 
or, if the thread is very fine, somewhat wider than the spaces; 
the sides of the ogives will be traced out by a cycloid generated 
by a circle of diameter d c rolling along the straight line 
The thickness of the thread must be reduced in order to give 
the requisite freedom to the dejith. 

For each revolution of the screw with a given wheel, one 
of its teeth will pass if tho screw is single-threaded; two if 
double-threaded, etc. The velocity of the wheel increases then, 
as we increase the number of threads, and vice versa, but tho 
wheel will lead the screw with a less effort when the threads aro 
numerous; or, to speak more accurately, as their inclination, 
becomes more and more rapid. 

These details, which will bo rendered more complete by a 
few further particulars, will suffice in the majority of cases. A 
reader that is anxious to study the subject thoroughly must havo 
recourse to special treatises in which it is considered. 
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The acting faces of the tooth sliould bo inclined to the flat 
of the wheel to the same extent as the thread is inclined to tho 
axis of the scroAv. When tliis inclination is slight tlic screw will 
always turn the Avhoel Avith case, but such AA'ill not bo tho case 
if tho Avheel is required to drive the screw. An amount of 
resistance aauU bo op])osed that Avill prcA'cnt its movement; in 
such cases, therefore, the inclination should be considerable, not 
less than 45®. 

1176. — AVlien a screw has several threads the distances 
between them are equal fractions of its pitch, or tlic height of 
one helical turn of a thread. This pitch Avill cover as many 
teeth and spaces of the wheel as there are threads of the scroAV 

<1041). 

If the threads arc numerous and x^cry much inclined, the 
pitch becomes A^ery great, and the axes, which were crossed with 
a single threaded scrcAv, Avill become parallel and in the same 
plane. The AA’heel will then only act on very short portions of 
the thread by successive contacts, and it becomes a helical 
depth (1083). 

1177. — Practical details. — The druAving only rejArosonts one 
jAoint of the scrcAV as being engaged with the wheel ; but when it 
is necessary to overcome a considerable resistance, it is usual, 
in order to have greater surfaces of contact, to deepen the spa(!es 
of the wheel by the help of the scrcAV itself. To avoid tho risk 
of damaging tho one that xvill be finally employed, another 
identical with it .should be used ; the front edge of the thread 
should be made cutting and then bo caused to act against tho 
circumference of the wheel, the txvo being gradually brought 
together as tlie teeth arc formed, until the screw no longer acts. 

This method can be adopted either for cutting the wheel in 
tho first instance or only to deepen or incline its teeth ; but if 
the wheel is intended to drive tho screw, the thickness of the 
thread must be subsequently reduced, and it should be polished 
after having ensured tho requisite freedom of the depth and re- 
adjusted the curves whore necessary. If the surfaces of contact 
are too great, the resistance, as well as any slight inaccuracies of 
construction, would be more marked. On the other hand large 
surfaces are preferable when the screw drives and considerable 
force has to be overcome. 

An endless screw engaging with the dividing plate of the 
wheel-cutting engine makes it a much more scrAuceable tool. 



SKEW DEPTHS. 


653 


and by adopting the method here given any watchmaker can 
easily adaj)t one when required. 

SKEW OK BEVEt DEPTHS. 

1178.— Figs. 8 and 11 of plate XV. represent two skew 
depths, that is depths in which the axes of the two mobiles are 
not parallel. 

The drawing, and more particularly the practical construc- 
tion, of a depth of this description jiresent ditEculties of several 
kinds ; they arc very rarely employed in horology except for 
driving mobiles whose action is comjjarativcly unimportant, and 
watchmakers are therefore usually content if they secure a lead 
that is fairly smooth without troubling to secure strict uniformity 
of force or velocity. 

The angle between the two axes being knOAvn, draw two 
lines ad, ah (fig. 8, plate XV.), so that dab\fi equal to this angle. 

The numbers of teeth have been already fixed iqion and 
suppose that the positions to be occupied by the wheels arc also 
known. 

Taking care not to go beyond this position, mark off from 
the point a along the axis of the smaller mobile a length a s, 
and on the axis of the larger wheel a less length a c, which 
must be to each other as the mmiber of teeth in the largo wheel 
is to the number of teeth in the small wheel. 

At s and c erect perpendiculars cutting each other in n. 
Join n and a, and measure off s ^ equal to s n, cf equal to c n, 
and ]'<nn ff and /with a. 

Having indicated the thickness that it is desired to give to 
the larger wheel by the parallel straight line i J, the thickness 
of the smaller wheel will be determined by the lino i r drawn 
through tlic point i parallel to n g. 

The triangle n a f represents the section of a rotating cone 
which drives by umple contact another cone whose section is 
the triangle n a g. The zones n ijf,ngr i are thus the primi- 
tive zones of the required depth. It remains for us to subdivide 
them and to determine the forms of the points of the teeth. 

As the faces of the teeth arc all directed towards a, their 
thickness diminishes in that direction as well as that of the 
spaces. The form of the point will be determined by the sur- 
face generated by the line of contact of a cone (whoso diameter 
is equal to the radius of the mobile that is driven) rolling on 
the surface of the cone that drives (as the cone m u v, fig. 11, 
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plate XV.). These j)oints, as will bo evident, are very difficult 
to make, since their acting surface has a double curvature, that 
is to say it is generated by a spherical cycloid. 

Hence it is usually considered sufficient in practice to cut 
the spaces of equal width throughout, and to make tlie curve oc z 
(fig. 11) the same as in a straight rack that drives a pinion. 
The tooth is then cut out to this curve or to the circular arc 
that most nearly approximates to it, directing the curved face 
of the tooth towards the centre, that is to say so forming it that 
if a straight rule bo applied at different heights of the i^oint (as 
sz fig. 11), it will always bo directed towards the centre at 
which the axes of the wheels would meet if prolonged. 

DEPTHS WITH SEVEBAL TEETH IW ACTION. 

1179 . — In the various depths that we have hitherto con- 
sidered, as soon as a fresh tooth of one mobile engages with a 
tooth of the other, the tooth immediately preceding it, which 
was leading, ceases to engage. It is however possible by the 
adoption of certain forms of teeth to de^^ a: depth in whicti 
several teeth of the wheel that leads are always in contact with 
a similar number of teeth of the wheel that is led. 

This class of depth might perhaps be of some service in 
horological mechanism, more especially in the construction of 
keyless work. Watchmakers will find them discussed in the 
larger mechanical treatises, such as Hachette’s TraiU cUmentaire 
des machines or Willis’ Principles of Mechanics. 

ARITHIWETICAL CALCULATION OF A DEPTH AND SMALL SCALE DRAWING. 

TO BBFIACE A LOST MOBILE. 

1180 . — The arithmetical calculation of a depth Is exceed- 
ingly simple and any difficulty will be removed by the various 
details and explanations that precede, especially in the case of 
depths such as those considered in chapter IV. 

When it is required to ascertain the proportions of any 
other kind, a large scale drawing should be made showing 
different positions of the tooth throughout the lead, and, after 
having calculated by the well-known geometrical methods and 
tables the exact values in millimetres and decimals of the cir- 
cumferences, diameters, radii, chords, etc., it is easy to deduce 
the required proportions and to reduce the dimensions to what 
is necessary. The practical applications of these measurements 
will present no difficulty if they are taken with some kind of 
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proportional compass and tlie various micrometers tliat are 
described in this work. 

We will here only give a simple practical application, 
explaining the method to be adopted in order to ascertain the 
dimensions of one of the mobiles of a watch train when it is 
very much damaged or has been lost. 

Two cases present themselves: in the first not only the 
wheel may be lost but also the pinion that engages with it ; in 
the second the wheel only is supposed lost. We will consider 
the two in succession. 

To Recover tbc protiortions of a wbcci and 

1181 . -At the outset determine the number of teeth of the 
wheel and pinion since these numbers are not known. They 
must be so selected that, when forming part of the train of the 
watch, the number of vibrations per hour is such as to seem’e 
a satisfactory rate. (To calculate the number of vibrations,* 

tosj.) 

Take, as SSf example, an ordinary watch that wants the 
third wheel and the "pinion that engages with it and is con- 
centric with the fourth wheel. 

Assume that it has been ascertained by counting the vibra- 
tions of the balance that it makes just over 5 in a second; this 
will give rather more than 18,000 in an hour. 

Let us further assume that on trying two numbers, say 60 
for the wheel and 8 for the pinion, the vibrations as obtained 
by calculation arc 18,200 ; it follows that 60 and 8 are the two 
numbers that should bo adopted. 

Measure accurately on the plate of the watch (by means of 
compasses and micrometers that go to fractions of inillinictres) 
the distance between the centres, that is the sum of the primi- 
tive radii. We will take it to be 7 millimetres, or rather, for 
facility of calculation, 70 tenths, which is of course the same 
thing ; and state the proportion as follows : 

The sum of the numbers of teeth (60 x 8) is to the sum of 
the primitive radii (70), as the greater of the two numbers ('60) 
is to the greater primitive radius, .r (the unknown quantity, 
1049 ): 

or 68 : 70 : : 60 : a: . . . a? == == 61-7 

* It is possible to ascertain tbo number of vibrations per hour wlien wo possess 
tbe balance of a watch or the pendulum of a clock by making it vibrate side by side 
with a comparison balance, such as those described in paragraph 430, or with a known 
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So that .r is 61 tcntlis and 7 hundredths of a millinietro. 
Since the mobile that loads should be slightly large the 

small fraction 3/1 OO"-” of a millimetre may be added, and we 
obtain 63 tenths as the primitive radius of the wheel ; and, 
subtracting this number 62 from the distance between the 
centres (70), there remain 8 tenths as the primitive radius of 
the pinion. Doubling these two radii gives geometrical dia- 
meters of 124 and 16 respectively. 

If we take 3 as the height of the ogive of the tooth (1133), 
adding twice this amount to the primitive diameter gives a total 
diameter of 130 for the wheel (1043). 

We have been performing the above calculations by means 
of tenths of millimetres, so that it is only necessary to separate 
the final figure in both numbers Ijy a decimal point (which 
amounts to dividing them by ten) 'o obtain the values in milli- 
metres. This, then, gives 12’4 m'llimetres as the primitive 
diameter of the wheel, and exactly 13 millimetres as its total 
diameter. 

The total diameter of the pinion is easily ascertained, for 
wo know that it is given by adding the thickness of a leaf at the 
commencement of the rounding to the primitive diameter, if the 
rounding is a semicircle. If mici’ometers and the gauges de- 
scribed subsequently arc employed, this method gives a result of 
sufficient accuracy while it does not present any difficulty. 

1183t — These measurements will enable us to re-make the 
depth, an operation which Avill be further facilitated by drawing 
a plan of the exact size. 

To do this take a well smoothed jdatc of brass and mark 
the centres on it, taking them from the movement by the aid of 
the depthing tool. Open the sliding vernier compass to the 
primitive radius of the wheel, and from one of the centres, with 
this radius, make a small mark a (fig. 10, plate XVI.); then, 
setting it to the total radius, make another mark h ; take a small 
compass, such as that shown in fig. 5, plate XVI., and carefully 
trace out the two circles a and h, following the com 2 )ass with an 
eyeglass. The primitive circle of the jiinion is tangential to a 
and may next be drawn ; and, in order to obtain the total 
diameter of the pinion, measure the thickness of a leaf by the 

pendulum. In the absence of such assistance the balance is set in motion and its 
vibrations counted as explained in 43!3 and the following articles. After a little 
practice it is easy to ascertain the number in a minute or half minute ; and from this 
the number in an hour is at once calculated. 
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micrometer (chapter IV.), and half of tliis, added to the primi- 
tive radius, Avill give tlie total radius of the external circle e, that 
is, the size of the pinion. Tho plan of the depth is thus 
accurately obtained. 

— Ohservalions. — If after the dci^th has been renewed 
tho number of vibrations of the balance is not tho same as 
formerly, so that there is either a loss or gain on tho rate, this 
shoAvs that the lost mobiles Avei’o not well projiortioncd ; but as 
a rule it aauU only bo necessary to slightly alter the length of 
the balance-spring to correct this error. 

The small draAving compass (tig. 5, plate XVI.) should bo 
employed only AA'hen tho centres are pointed and not drilled 
thrtjugh, for in the latter case it.s jioint Avoukl bo liable to sot 
obliquely in the hole. 

To recovei* tlic proportions oP a wheel only. 

I1S-J, — AVhen only the wheel is Avanting and wo possess 
the pinion that engages Avith it, the total diameter of the pinion 
must bo accurately measured, and tho thickness of a leaf 
deducted from this in order to obtain the geometrical diameter. 
Subtracting half this amount from the distance between the 
centres, tho remainder Avill bo the piimitivo radius of the wheel. 
Tho proportion is then stated : 

Frimitive radius of the pinion is to prim Hive radius of the 
wheel as tho number of leaves is to x, the unknown number of 
teeth of tho Avhecl. 

When the Auilue of x is obtained A\'e know the numbers of 
teeth and the primiti\'e radii of tho mobiles. From these values 
all the othci’s can be obtained, as was done in the previous case 
(118:J). 

We Avill confine ourselves to the tAvo applications here 
given in connection Avith this subject ; for, whatever case 
presents itself, it can ahvays bo resolved into finding the two 
primitive diameters that aro proportional to the numbers of 
teeth of the mobiles, or conversely. 

Optical method suggested by Moinet for verifying the form of a tooth, 

1185« — In order to judge whether tho tooth approximates 
sufficiently in form to tho large scale draAvlng, the latter is held 
at the level of the eye and in a vertical plane ; now, closing one 
eye, place an eyeglass to tho other and examine a tooth of the 
wheel, which is held at the focus of the glass and in front of the 
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drawing ; then open the closed eye to see the drawing, so that 
the two eyes will at the same time sec two images, which can 
he easily supcrjioscd. By moving the eye to or from the 
drawing the sizes of the images can be brought to agree so 
that the points of difference that have to bo corrected can bo 
observed. 

Instruments for demonstratini; tlie principles of deptlis. 

]186i — For schools and public lectures, models of depths 
of very largo dimensions are employed. Those instruments 
show very clearly the manner in which depths act but they do 
not serve to explain their principles. It is better to employ for 
practical demonstration, arrangements similar to those which 
W'e exhibited in the Exhibition of 18G7. 
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General Considerations. 

1187. — The motors employed to drive the mechanism of 
horology arc of two kinds : weights and springs. 

The first owe their power to gravity or heaviness, the 
othei’s to the clastic reaction of bent metallic bands. 

1188. — It is preferable that the action of a motor bo 
uniform throughout its entire period of action ; but, if it is 
impossible to satisfy this condition, the energy of the motor 
must increase or decrease with very great regularity. Nothing 
so much interferes with uniformity of timekeeping as sudden 
variations in the motive force ; and it is important to always 
Tcmember that an escapement cannot exercise its correcting 
influence outside certain limiting values of the motive force, 
which values arc often very near together. Moreover, even 
between these limits, any sudden change in the force that 
impels the balance will occasion irregularities in the movement, 
etc., in consequence of the resistance due to inertia, which the 
balance-spring, whether isochronal or not, will bo incapable of 
counteracting, because it also is subject to the laws of inertia. 

1180. — Thus whatever care be taken in the selection and 
adjustment of a motor, the advantages anticipated from its use 
will be nullified if the force is transmitted through bad depths. 
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Increase in the friction, variations in the velocities, etc., which 
are added or subtracted as we pass from one depth to another, 
are quite sufficient to make the impulses communicated to the 
balance irregular, however uniform the action of the motor 
may be. 


WEIGHT MOTOR. 

1100 . — A suspended weight that descends uniformly (if the 
velocity of its movement varied the power exerted would also 
alter) is a motive force that always remains the same, if we 
neglect the slight increase in the weight that is due to the uncoil- 
ing of the cord, an increase which may be considered inappre- 
ciable for a descent of one or two yards. 

When, however, the weight is suspended by a chain or very 
thick cord, or when the fall is considerable, the increase in the 
force exerted due to the uncoiling of the cord or chain must 
enter into the calculation. 

The fall of the weight must, as we have already seen, take 
place with perfect regularity in order that the force exerted 
may remain constant. Whenever its motion is characterized by 
jerks or shakes through the cord being clastic, when there are 
sudden contacts, variable adhesion, etc., those will all modify 
nnd decompose the power exerted by the motor. 

The statical force exerted by a weight attached to one end 
of a lover capable of rotating on a horizontal axis will vary with 
the position occupied by the lever. It is a maximum when this 
is horizontal, and gradually diminishes to the vertical position, 
where the action of the weight consists solely in a pressm-e on 
the pivots of the axis (z, fig. 67, page 660). 

If the lever move with different velocities, or if its angular 
movements are unequal, the dynamical force exerted will be very 
variable (35). 

We would commend the study of these problems to the 
misguided seekers after constant force. 

1101 . — In large clocks and regulators the weight should 
bo at a sufficient distance from the pendulum because, if they 
are close together, it may happen that, when the weight has 
descended to a distance equal to the length of the pendulum, 
the two contiguous weights influence each other by what is 
known as sympathetic action. 
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1192. — For a given weight the motive forces are to each 
other in the ratio of the radii of the drums on which the cords 
are wound. 

With drums of different diameters it is possible to obtain 
the same motive force by employing A\ eights that are inversely 
as the radii (ignoring the friction at the pivots, which is pro- 
portional to the weights and the diameters of these pivots, 1.23). 

The length of fall is necessarily jiroportional to the radii 
of the drums. It will be the product of the circumference of 
the drum into the number of coils of the cord. 



Fi?. 67. 

1193. — When the space available for the descent is very 
small the weight is supported by a movable pulley k (fig. 67), the 
groove of which rests on a cord attached by one extremity to the 
drum and by the other to a fixed support /. The duration of the 
fall is thus doubled, since the portion of the cord that is unrolled 
from the drum is divided equally between y R and f h ; but tht' 
weight must be rather more than doubled, since the forc(' 
exerted by it is divided, one part being supported by g and tlur 
other equal part by /; moreover the resistance occasioned b}’ 
the pivots of b and the stiffness of the cord have to be over- 
come. These resistances become very serious when two or 
more pulleys are employed. (See the Theory of pulley-blocks 
and differential motion in any treatise on Mechanics.) 

1194. — In winding up a watch or spring timepiece the 
spring is usually pulled in the direction of its action, so that the 
mechanism continues to go throughout the operation ; but such 
is not the case with the ordinary form of weight clocks ; for the 
winding stops the action of the motive power. This incon- 
venience can be remedied by using an endless cord, carrying a 
weight and counter-weight, or by adapting to the clock an 
auxiliary mechanism known as a Maintaining power. These 
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•arrangements will be found described in most works on 
Horology. 

System adopted by Jallen Lo Hoy.* 

1195.— This is equally applicable whether we employ a 
weight or a spring and fusee, and consists in bringing the ptunt 
at which the impulse is applied between the axes of the two first 
mobiles ; at a for example (fig. 67). 

The relative forces exerted by the weight at c and s will bo 
in the inverse proportion of the two levers a c, a s. It follows 
that the axis c, which would, if the weight wore at i, siqiport 
its entire pressure, will now only carry a portion of that 
pressure, the remaining portion being added to the force exerted 
at s. It will of course be observed that in this case the wheels 
turn in opposite dncctions. 

SPRING MOTOR. 

It cannot secure a constant force. 

1190.— The motive force due to the tension of a spring is 
more or less variable. The causes of this want of uuifunnity 
are as follows : 

(1) The clastic reaction of a spring becomes greater as the 
.spring is further wound up ; 

(2) A metallic blade is very rarely homogeneous and 
worked with sufliclent care to avoid different parts being of 
variable strength; 

(3) Its energy alters with time, dependent on the duration 
and intensity of the flexure, and this change nearly always occurs 
irregularly throughout its lengtli ; 

(4) Its clastic force diminishes slightly on elevating the 
temperature ; 

(5) Lastly a spring rubs against the bottom and lid of 
the barrel in uncoiling. The successive coils also adhere and 
mb together, either permanently or occasionally. All these 
I’csistances are from the nature of the case variable. 

* A justly celebrated Frencli borologist, wbo made tbe first turret cloclc with tbe 
meclianism placed horizontally. Ho was very accomplished and posse.ssed extra- 
•ordinary practical skill, which led him to introduce improvements in nearly all the 
branches of Horology of his day. On his death in 1759 he loft four sons, all of whom 
became celebrated in difierent spheres of life; but the most noted was Pierre Le JRoy^ 
Jiis eldest son and successor. 
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RELATIVE STEENGTHS OP MAINSPRINGS. 

1197. — Witll a p^ivcn thiclcness tlio power varies as tho- 
■width, assuming all other conditions to remain tho same. 

1198. -For the same widtli and maintaining all other 
dimensions, siieh as Icngtli, diameter of barrel arbor, etc., jiro- 
forlional, the powervavies witli tho square of the tliickness (1217). 

— When the width and thickness vary, eA'crytliing 
else, such as length, barrel arbor, etc., remaining pro])()rtioiial, 
the poAver ivill be as the Avldth of each spring multiplied by tlie 
square of its thickness. 

Ohservation. — It is clearly undoi’stood that the form shouhl 
remain the same, as Avell as everything else, such as tlie 
material ; for all steels huA'e not the same elasticity, and tlu^ 
same steel ma}^ ofPer very different resist anco according to the 
manner in aa'IiIcIi it has been Avorkod, hammered, hardened, etc. 

ON THE FORMS OF MAINSPRINGS. 

1200. — With a A’iew to diminish the differences in the pull 
of a spring when Avound up to A'arying degrees and to increase 
its energy Avhen nearly doAvn, the central coils arc not un- 
frequcntly made thicker. These springs, which arc knoAvn in tlu r 
trade as cylindrical sjmnys, are characterized by the central turns 
Avhen tho spring is wound up rubbing with some force against 
each other, so that a portion of the motive force, which is ex- 
cessive when the spring is fully wound up, is neutralized ; and 
thus the difference in tho power exerted by tho spring in its 
A’^arying positions becomes less. The advantage is, however, 
more apparent than real, since it depends on variable frictions 
that are modified still further by time, and a less thickness and 
better form of spring would exert a greater amount of useful 
force. 

There arc two forms of spring that possess real advantages : 

1201. — (1) Those termed tapered springs, from the fact 
that the thickness of the band gradually diminishes throughout 
its entire length, commencing at the outer extremity. The effect 
of this form is to make the coils of the fully wound up spring 
separate, immediately the barrel begins to move, and on this 
account the spring is said to develope freely. If we compare' 
this spring with the one that increases in the opposite direction, 
which we have referred to above, or to the spring of equal thick- 
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ness throughout, we find a greater variation in the force exerted 
as tlio spring runs down. This fact is in no way inconvenient 
in the case of chronometers, where a fusee is employed, and there 
is very groat advantage in tlie more regular development of the 
spring and the reduction of disturbing friction between the coils. 

1303. — (2) The form in which the thickness is the same 
througliout. With it the development is less uniform than with 
the spring just discussed, as is also the separation of the coils ; 
but it has a counteracting advantage as regards ordinary watches 
in being more easily made and in exerting a less variable force, 
while, if the friction of the coils against one another is somc- 
Avhat greater tlian with the chronometer spring, it is less than 
with the cylindrical spring; the variations, moreover, do not 
exceed the limits that ordinary escapements can neutralize, 
especially if the length of spring is well proportioned and the 
pivoted brace and stopwork arc judiciously applied ( 1188 ). 

Ohaervation . — Of course the preceding considerations have 
reference to springs that are well made, of good steel, uniformly 
hardened and therefore of equal elasticity throughout. Other- 
wise, if the material and workmanship be bad, it is impossible to 
count on any regularity cither in the present or future as regards 
friction, variations in the force, loss of elasticity, distortion of 
the spring, etc. 

GENERAL OBSERVATIONS ON MAINSPRINGS, 

Deduced from theory and experience. 

1303 . — Eounding of the edge of a sj)ring ; making its 
thickness slightly greater at the middle than the edges ; cutting 
shallow radiating channels in the bottom and cover of the barrel, 
are all advantageous precautions. They diminish the fidction 
surfaces, and therefore the resistance due to oil and adhe- 
sion ( 30 ). 

1304 . — Other things being equal it is better that the 
development of the spr'ng be rapid rather than slow ; for, as 
M. n. Robert has observed, the inconvenience known as the 
clustering of the spring diminishes as wo increase the angular 
velocity of the barrel. 

1305 . — If there is any fear of variations in the force, 
principally on account of alterations in the oil and in the 
stickiness of the coils, the spring should bo strong rather than 
weak. We would observe that, if, for example, the thickness 
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of a spring be doubled, its friction surfaces are very sliglitly 
increased whereas its motive force is quadrupled. 

When a powerful spring is employed, it is especially 
important that the bai-rel and centre pinion depth, where each 
tooth remains in action for a considerable period, be made 
with great care, that the entire width of the ogive is in contact 
witli the leaf, and, lastlj’, that this width of tlio face be suffi- 
ciently great (38 and 40 ). 

1306 . — The molecular strain of a mainspring is propor- 
tional to the time of its uncoiling and to the ratio that subsists 
between the thickness of spring and the diameter of barrel 
arbor. M. Rozc has determined by numerous experiments the 
limits in this proportion between which breaking or permanent 
distortion of the steel are generally avoidable ( 1310 ). 

He has drawn attention to the very curious fact that when 
the barrel arbor is too small the molecular strain of the coils 
that are first wound up shows itself by a bulging outwards of 
the under side of the spring’s internal extremity, Avhile the 
outer face bends inwards in the direction of its length ; this 
effect may sometimes bo observed throughout a third of the 
entire length. It would bo interesting to know to Avhat degree 
this distortion, or variations in its amount, alters the clastic 
force of the spring. 

TO STUDY THE DEVELOPMENT OF A MAIN SPUING. 

IdEASUItEMENT OF ITS FOKCE. 

1307 . — The following is the most simple mode of studying 
the development of a sjiring : 

Take a barrel fitted with a spring and arbor and with a 

cover cut away in the form of a cross in order that the action 

«/ 

of the spring may be observed; then fix the extremity of the 
arbor in the jaws of a vice. Round the cylindrical face of the 
barrel fix a cord, wliich must bo coiled as many times as 
correspond to the full winding up of the sj)ring, and to the 
extremity of the cord attach a small balance-pan of known 
weight. 

Successive loads are now applied (always taking into 
account the weight of pan) so as to balance the tension at equal 
intervals throughout each revolution ; for example, each time 
give a quarter of a turn and examine the relative positions of 
the coils. The series of weights gives the ascending scale of 
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tlie motive force, and frequent observations of tlic positions of 
the coils will show the mode in which they arc displaced: 
Avhether this occurs uniformly or with a strain towards one side; 
the manner in which the coils rub against each other, etc. The 
eonverse operation, that is the gradual diminution of the 
weight, will show the opening out of the coils and their separa- 
tion from one another. 

1208. — The energy of a mainspring can also be tested by 
means of the adjusting rod for fusees, simply holding the barrel 
in the hand or, preferably, holding it between the jaws of a 
watch-holder; and this is the method most frequently adopted. 
It seems useless to say more on the subject, as the instrument is 
Icnown to all watchmakers. 

Graphic representation of the variations in the power 
of a mainspring:. 

1209. — This is effected by employing the method of 
co-ordinates.* 

The following explanation is intended for watchmakers that 
have no knowledge of geometry: 

It is required to determine the law of the progressive in- 
crease in the force of a spring for successive angular displace- 
ments, each of 1/1''** turn of the barrel (which may be repre- 
sented by any pre-determined length in millimetres, etc.). 

Draw the straight lino A n and divide it into equal parts 
1, 2, 3, 4, etc., each corresponding to 1/4"* turn of the barrel, 
in other words equal displacements of the point of application 
of the force. 

At 1, 2, 3, 4, etc., draw perpendiculars or ordinates tlic 
liciglits of which increase in the same proportion as the power, 
mcasmedin, say, kilogi’ammcs and fractions; wo then have the 
perpendiculars 1 c, 2 <f, 3 4 s, etc. ; and by drawing a line 

from the point o where the force is nothing through the highest 
points of these lines, w’e obtain the curve oedhs, etc., represent- 
ing the progressive increase in the force exerted by the spring. 
The abscissae o 1, o 2, o 3, etc. are equal to c <?, d' d, k etc. 

1210. — The surface b o r will represent the mechanical 
work (124) performed by the spring. This quantity, however, 

♦ In this method, which is used in analytical geometry to determine the position 
of any poirjt K (fig. 68, page 606) on a plane, the lines x a, z a, oxe termed the axes of 
X and z, a & is the abscissa and N the ordinate of K, and the two lines taken together 
are called its co-ordinates. 
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has no importance as regards the springs employed in watch 
trains, but it has many other applications. 
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Fig. 68. 

The drawing of such a figure is facilitated by cmifioying 
paper that is already divided into sections by faint lines, as seen 
in figs. 1, 2, etc. of plate XVI. Assume that the two quantities 
taken to represent unity of force and unity of space traversed 
are as 2 is to 3, the paper must be divided in the proportion of 
3, G, 9, 12, etc., in one direction, and 2, 4, 6, etc., in the other; 
it will then not bo necessary to measure the lengths of the 
co-ordinates. 

The examples given in 1233 and the following articles wilt 
familiarize the watchmaker with this method. 

IlEnOlB ox ia.iIXSrBlKG9. 

By Mill. Rozc. 

1211< — The earliest important work on mainsprings was 
published by MM. Roze (father and son), in the licoue Chrono- 
metriqiic, volume II, pages 136 to 1G6. 

More recently M. Rcsal, a distinguished engineer, has- 
written a memoir on this subject, treating it in a different 
manner but without adducing any novel practical facts. Wa 
will then confine ourselves to the work of MM. Roze, but, 
since the plan of this treatise does not admit of our reproducing 
it in its entirety, we will proceed to summarize it. 

This memoir lays down and demonstrates the following 
theorems : 

1212. — (1) A mainspring in the act of uncoiling in its harrel,. 
always gives a numher of turns equal to the difference between the 
number of coils in the up and down positions. 

Thus if 17 be the number of coils when the spring is run 
down, and 25 the number when against the arbor, the number 
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of turns in the uncoiling -will be 8, or the difEerence bctv;ccn 
17 and 25. 

1313 > — (2) Jf^th a given barrel^ spring and arbor ^ in order that 
ike number of turns mag be a maximum it is necessary that the length 
of the spring be such that the occupied part of the barrel fexclusive of 
that filled by the arbor J be equal to the unoccupied part ; in other 
icords, the surface covered by the spring when up or down mast be equal 
to the uncovered surface of the barrel bottom. 



Fig. 69. 

Let b I (fig. 69) bo the interaal diameter of a barrel, 
c c the diameter of the arbor, d a circumference bisecting the 
surface between the arbor and edge into two equal zones 
A and n ; the spring which will give the greatest number of 
available turns in this barrel will be such an one that its last 
coil when up and first coil when down coincide with the 
circumference d. 

1314 . — By making a small opening in the cover of the 
barrel it is easy to ascertain whether the S 2 )ring gives the 
greatest number of available turns, for it is then possible to deter- 
mine whether the external coil anives at the point occupied by 
the Internal coil when the spring is down. Ai-ticlc 133 . 3 , 
moreover, gives another method wdicreby we can practically 
find without calculation the position of the circumference that 
gives equal surfaces. 

1313 . — Ilaving determined this point and observing that 
when the spring covers a greater surface it is too long, and vice 
versa, it becomes easy to find approximately : — (1) what would 
bo gained or lost by shortening a given spring; — (2) whether 
there will be an increase or decrease in the time of going if u 
spring is replaced by another that is thicker or thinner. 

1316 . — Diamter of the arbor. — ^If the arbor is too large part 
of the elastic reaction of the spring will be wasted. 
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If too small there will he a rupture or straining of the 
spring and therefore a loss of elastic reaction. 

It is, then, the thickness of spring that determines the 
diameter of the arbor or conversely, and from this it follows 
that the diameter is not an arbitrary quantity, since it depends 
on the duration of flexuio and thickness of spring ; this thick- 
ness can only be determined experimentally, depending as it 
does on the degi'eo of flexure that can be applied to the spring 
without incurring permanent distortion. The flexibility of a 
.steel spring is well known to be much greater when it is thin, 
but it varies somewhat with the quality of steel. 

From experiments made by 51. lloze it appears that we 
shall not go too near the limit of elasticity of steel if the thick- 
ness of the spring is to the diameter of the arbor as 1 is to 20 
or 34, according as the rotation of the barrel takes place more 
or less rapidly. Thus 1 : 20 is best suited to watches ; 1 : 30 
to chronometers ; and 1 : 34 to clocks or timepieces that are 
intended to go several days. 

Extracts from the Slemoir. 

1317 * — “ Remembering that the expansion as ■well as the 
contraction of a spring is directly proportional to the force 
upplied, we find that, for the same width, the energy of a 
spring varies directly as the square of its thickness ( 1108 ). 

131 8 « — “ In the motors employed in ordinary horological 
mechanism, frictions occur that render the power very variable 
u,nd make any experiments on this question liable to error. 

1319 .—“ The power exerted in such motors is not the 
same when the spring is being coiled up as when it is going down. 

1330 . — The mechanical work performed by a spring varies 
inversely with the number of turns in its uncoiling ( 134 ).” 

1331 . — To these quotations we would add the folio-wing ; 
“ the length of a spring should never be altered until the con- 
ditions under which it is placed have been carefully studied;” 
and we will complete this summary of the memoir of MM. Rozc 
by describing their compass for determining the equal surfaces 
of the barrel. 

Compass for determining tlie space to be occupied by the spring in a barrel. 

1333 . — This instrument consists of two movable right 
angled bars placed symmetrically opposite to each other, c and 
4, or i andy (fig. 7, plate XVI.). They form a square, and can 
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bo made to slide over each other in the direction oi the diagonal 
c d by means of an X'^haped piece formed of two ^aws mi 8. w r. 
Those arc movable about a centre v between the two plates 
tl)at (;aiTy the squares, and the plates arc fixed to the jaws of 
the X by screws at ai, r, w. «. 

To use the instrument apply the diagonal c d io the space 
between the rim of tlie barrel and the arbor, and make tlic 
plates slide over each other by pressing against tlie projection 
y until c is equal to this interval. The two extremities o and 
o' of the other diagonal are then points on the circumference 
that divides the space between the barrel rim and arbor into 
equal parts. 

This instrument is based on certain geometrical iirnpcrties 
of the rectangular isosceles triangle yin fig. GO, page 007. 

Curves showing tbc variations in tlie force exerted by 
ceriain springs. 

1223 .— if. F I'jsiere's chronometer sjirings. — Fig. 1, plate 
XVI,, is tlio curve for a spring that is controlled by a fusee ; 
tlicso arc its elements : 

Tliickness at the outer extremity : at the middle of its 
height, ()‘30 mm. ; at the edge, 0'3S mm. 

Thickness at the inner extremity: at the middle of its 
height, 0’25 mm. ; at the edge, 0’23 mm. 

Length, 1'30 metres. Height, 11 mm. 

Internal diameter of barrel, 29'5 mm. Diameter of arbor, 
9'2 mm. Turns in the uncoiling, 7'5. Mechanical work 2 )Ci’- 
formod, I ‘4 kilogrammetres (or lOi foot-pounds). 

In fig. 2 plate XVI., tlie lower curve is also that of a fusoo 
spring whose elements arc : 

Thickness : at inner extremity, 0-20 mm. ; at outer cx- 
tromitv, 0‘23 mm. 

Length, 1’20 metres. Height, IDS mm. Internal diameter 
of barrel, 2G 5 mm. Diameter of arbor, 8 7 mm. 

Turns in uncoiling, 7’3. Work, 1'02 kilogi'amractres (7-4 
foot-pounds). 

This same spring, after being shortened so as only to 
occupy half of the entire space of the barrel, gave the ujqior 
curve * * in figure 2, and was modified as follows : 

Length, 0’900 metre. Turns, 7‘66. Work, 1'185 km. 
(0*6 foot-pounds). 
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1334 . — Fig. 3, plate XVI., is the curve given by a going 
barrel spring. 

Thickness, 0'29 mm. Length, 1838 mm. Iloight, 11 mm. 

Diameter of barrel, 33’ 1 mm. Diameter of arbor, 8T mm. 

Tunis, 10-25, spring occupying half the available space. 
Work, 1-88 kilogrammetres (13-G foot-pounds). 

The curve shown in fig. 11 of the same plate is given by 
a spring of the following dimensions: Thickness, 0-27 mm. 
Length, 900 mm. Height, 8 mm. Diameter of barrel, 26-4 mm. 
Diameter of arbor, 8-2 mm. Turns, 7. Work, 0-8873 km. 
(5-4 foot-pounds). 

1335 . — M. GontariPs spring for a loalcli going 15 dags . — 
This spring, whoso curve is shown side by side with that of a 
lever watch spring (fig. 12, plate XVI.), the two watches being 
of the same dimensions, had the following elements : 

Thickness, 0-40 mm. Length, 1022 mm. Height, 3-8 mm. 
Diameter of barrel, 37 mm. Diameter of arbor, 12-G mm. 
Turns, 7-12. Work, 0-60 km. (4*8 foot-jiounds). 

1336 . — Lever ioatch spring. — Thickness, 0-22 mm. Length, 
560 mm. Height, 1-55 mm. Diameter of barrel, 17 mm. 
Diameter of arbor, 5-4 mm. Tmms, 5-5. Work, 0-0718 km. 
(-52 foot-pounds.) 

1227,— Ordinary clock springs. — Fig. 13, plate XVI., shows 
the curve common to two springs in a clock that -went for 45 
days, with a pendulum weighing 1-5 kilo, traversing a supple- 
mentary arc of 15“ ; besides the striking with a double hammers. 

SFBIXCS THAT EXEBT A SUFFICIENTLY ENlFOB.’ll MOTIVE FOBCE. 

^ 1338 . — By using a large barrel and a long spring of con- 
venient form, of which only a few coils, selected by trial, aro 
ever called into action, it is easy to obtain a motive force that 
varies very little between the two extreme limits to which the 
action extends. A. Breguct and U. Jurgensen have made 
marine chronometers with going barrels and springs of this 
description. It is, however, difficult to apply them to pocket 
chronometers because the spring, for want of space, cannot bo 
of the requisite length and strength. 

It is essential that great care be exercised in ascertaining 
the progressive force and in the construction of such a spring, 
in order that it may give a uniform pull and always keep the 
several coils apart, for otherwise it is impossible to avoid resist- 
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unco caused by adlicsion and clustering. Tlie spring used by 
^furgensen in one of bis chronometers without a fusee, which 
had a remarkably good rate, was very weak and had a length 
of about 3‘5 metres. Its price was very high, and the maker 
did not care to make others at even that price. 

1SS9« — M. II. Robert, who pointed out the objections to 
very long springs, has obtained a sufficient approximation to 
uniformity in the force of a spring of 10 or 11 turns in his going 
barrel chronometers ; he only utilized 3 '5 turns from the point 
of winding up, wlicn tlie last turn was just out of contact with 
tlie barrel rim. It should be mentioned that his barrels have an 
angular velocity greater than that of the barrels ordinarily met 
with. 

1330t — We do not know who it was that proposed to obtain 
uniformity in the motive force by subdividing the height of the 
barrel into two parts, and emplo 3 dng two superposed springs so 
arranged as to give a sort of equilibrium in the force. Nor shall 
we stop to discuss the value of this idea, which is certainly 
original, but the difficulty of its application is obvious. 

l!231< — A young Paris watchmaker, Vicl-Robin, after many 
attempts to secure a uniformity in the force exerted by a main- 
spring, proposed the following arrangement: on one face of 
the barrel he fixed an clastic arm of a certain definite curvature 
(a I, fig. 8, plate XVII.). Its extremity entered an opening h c in the 
barrel, so as to be attached to the outer end of the mainspring. 
The two springs, the internal and external, were thus firmly 
united and resembled on a large scale the bent or Breguct 
balance-spring {spiral coude) in use at the present day. When 
the mainsiiring was wound up the point of junction ajiproached 
the centre in a manner and direction that were determined by 
the curvature and elastic force of the upjicr spring {Revue Chro~ 
nometrique, vols. IV. and V.). 

The author has assured us that the motive force is 
absolutely uniform, but we have had no opportunity of verify- 
ing this fact. Even ignoring the increased complexity of 
the barrel, it is to be observed that if this uniformity exists it 
cannot be maintained, except under the condition of its being 
made independent of the adhesion and friction of the coils, 
which is by no means an easy matter; and if friction or 
adhesion does occm-, the conditions cannot be maintained in- 
A’ai'iable. 
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FREE MAINSPRINGS OF M. A. PHILIPPE. 

1333. — For the last fifty years horological appliances that 
indicate and strike tlie hour, or roj^caters, have been made in 
which one of the trains received its impulse from the motor 
direct, and the other was impelled by a barrel caused to rcvcjlvc 
by a spring liookcd on to the ai'bor and pressing against the 
rim ; this spring being wound up eitlier continuously or 
intermittently by one of the mobiles of the train that Avas 
acted on by the prime mover. More recently this method of 
driving has been applied to seconds trains. 

Starting from this incomplete idea, M. A. Philippe 
proposed to bend the spring slightly bacliAvards whore it is 
attached to the barrel rim and to form in the inside of this rim 
four grooves in Avhich the hook so formed on the spring Avould 
hold. It is retained in them with sufficient firmness to allow of 
the spring being AV'ound up ; and, Avhen an attempt is made to 
Avind beyond this i)oint, the hook of the spring slips out of 
one grooA'O and into the next, Avhero it is arrested aa'IiIi a slight 
noise indicating that the spring is fully Avound up. 

M. Pliilippe then placed an clastic ring a h c (fig. 4, plate 
XVn.) in the inside of the barrel and attached the spring to its 
extremity. The spring was wound up in the direction in- 
dicated by the dotted line and arroAV and was coiled up on 
itself so long as the clastic ring opposed a sufficient resistance ; 
but beyond this point there was a slight displacement of the ring. 

But the inventor did not stop hero ; he very soon saw that, 
in order to secure the advantages of those earlier arrangements 
under still better conditions, it was only necessary to strengthen 
the outer coil of an ordinary spring, and that ho thereby obtained 
a new spring j)ossessed of important jjroperties. 

It is in part represented in fig. 2 (plate XVII.). The 
portion between a and b has about double the usual thickness 
of the metal as seen at f. From b to about c the diminution is 
gradual, and then from e to /, etc., to the internal extremity 
that is attached to the arbor the thickness remains the same. 

1333. — In a report on this subject to the Horological 
Society by M. H. Eobert, we read : 

“ The stop work becomes useless and may be suppressed. 

. . . . We draw attention to this fact without entering 

into the question as to whether it is of importance to the 
manufacturer or not to cfPect such an economy. 
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“ This omission enables us to increase the height of the 
spring by the space formerly occupied by the stopwork. 

“In repairing watches the free mainspring will be of gi’eat 
service when there is a difficulty in making the stopwork act 
with certainty in consequence of want of space. 

“ The most important point about M. Philippe’s springs 
consists in the fact tliat they will rcj)lace the mainsprings with 
pivoted brace and, like them, will develope better than an 
ordinary spring.” (If further information be desired consult 
the complete report in vol. v. of the Recue Chronometrique.) 

In our judgment the detached spring, when used like 
an ordinary spring and doing away, as it does, with the neces- 
sity of the pivoted brace, has important advantages in helping 
us to attain to regularity. But without attempting to fix precise 
limits to its applications in the future, wo are pleased to recog- 
nize in it an important step in advance in the horological art. 

ON ST0PW0RK.-PIV0TED BRACE OR CURB. 

GENEBAL CONSIDEEATION8 BELATING TO STOP MECHANISMS. 

1334 « — In common clock and watchwork it is a matter of 
indifference whether there is a variation in the rate of a few 
minutes in two or three days or between summer and winter ; 
hence it does not matter whether they have stopworks or not, 
because it is almost useless to attempt to secure a satisfactory 
uncoiling wdth cheap springs, and in watches which, if they do 
give a fairly good rate, do so because a number of errors happen 
to balance each other and not as a consequence of the skill of 
the maker. It is logical, moreover, that if he finds it worth his 
while to effect a small economy in the price of the spring, he 
will save the sum that he should spend in providing a good stop- 
work. Thus watch repairers are compelled to suppress at least 
three-quarters of those that are supplied to watches, as they are 
badly planned, made, and adjusted; but the fault lies with tlio 
maker and not with the mechanism itself. 

Description of various stopworks. 

1335 . — The most commonly employed is that known as tho 
Maltese cross or Geneva stopwork shown at H, fig. 1, plate XVII. 
It is too well known to require any description. 

1336 . — Fig. 6, plate XVII. represents a modification of it 
that was suggested by M. H. Robert for use in his going barrel 

43 
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chronometers. The stop takes place tangentially at v against 
the head of a screw that projects from the flat of the star-piece. 

1S37. — The arrangement shown in fig. 7, is due to 
M. Racape ; it is founded on the same principle as M. Robert’s 
stopwork, the arresting of the motion being tangential. This 
form occupies less space than that of M. Robert, but the stop 
finger is somewhat less rigid. 

1338. — Fig. 12, plate XVII., Is the section of a barrel 
provided with the Gontard stopwork, named after its inventor. 

The arbor a b has only one square at h, and thus the pivot a 
is longer than usual. On the face of the arbor nut c is left a 
projecting ring 5 (figs. 11 and 12), against which the concave 
faces /of the star-piece teeth move. This ring is cut away at 
s, and a pin t is planted opposite the space so left ; this acts the 
part of the ordinary finger-piece. A sink cut in the inside of 
the cover gives room for the projecting ring and pin, and another 
sink on the external face at h (fig. 12) receives the star-piece. 
These two sinks overlap each other as shown by the circles d 
and /(fig. 11) and thus leave an opening n between them. 

As the portion within the projecting ring on the arbor is 
cut away, it is possible to ensure a very safe bearing for the 
pivot in the cover. 

This form of stopwork Is very solid and, as compared with 
the ordinary stop, has important advantages which any watch- 
maker will be able to detect at once. We would only direct 
attention to the two following points that have been urged 
against it. The small opening is liable to allow of the escape 
of oil or to admit dust. It is impossible to set uji the spring by 
one-quarter, one-half, or three-quarters of a turn except by 
rotating the cover in its sink, and it may probably not turn true. 

The first objection docs not appear tons very serious. 

As regards the second M. Gontard states that in very many 
cases it would only be necessary to replace the hook of the 
arbor by one in the hole already drilled at the opposite side, 
but that in movements of his make the barrel covers always 
turn very true in the sink and are accurately fitted, so that there 
need be no difficulty in setting up the spring as required. 

Action of the stopwork and pivoted brace. 

1339. — In ordinary watches where it is hopeless attempt- 
ing to secure a uniform development of a second-rate spring, the 
stopwork only serves to arrest the hand in winding. 
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With a spring whose maximum number of tnms in winding 
up is considerable, the stopwork enables us to select and employ 
exclusively those turns that secure the most uniform action. 

The addition of a brace has the effect of retaining a part of 
the outer coil always in contact with the barrel rim as it is fixed 
at a point somewhat below the hook, thus scem'ing that only 
the hardened portion of the spring ever comes into action, a 
very great advantage ; at the same time it renders the employ- 
ment of stopwork essential, not only in order to arrest the hand, 
hut also to prevent the spring from pulling too violently on the 
brace at the end of winding ; for this would weaken the main- 
spring at the point of flexure and would cause the coils to be 
pressed too firmly against one another. 

Some experiments made by a Swiss watchmaker, M. 
Lindemann, have convinced him that with a suitably placed 
pivoted brace the pull of the spring becomes more regular. 

1340> — ^When the hook is fixed to the spring itself, as at T 
nnd v (fig. 10, plate XVII.), a very old device, the brace is 
unnecessary because there is no occasion to soften the extremity 
of the mainspring, and the hook, if firmly riveted, will main- 
tain it sufficiently close to the barrel rim. The stopwork should 
bo so set as to arrest the hand in winding just before the point 
at which the pull on the spring would become too oblique to the 
rim and thus strain the hook or rather its rivet. 

1S41« — In concluding the study of the subject under con- 
sideration we would observe that the foregoing details are 
sufficient for any intelligent watchmaker, and should enable 
liim to decide when there is any advantage in employing a 
pivoted brace, as well as to determine upon the exact limits 
within which the stopwork should confine the tension of the 
mainspring (1334 and 1347). 

Tarious suggestions for suppressing the stopwork. 

1343. — Boussard, of Toulouse, suggested the use of an 
elongated bent bar. Assume r and r' (fig. 3, plate XVII.) to 
bo the first and second coils of the mainspring. The white 
interval between them is occupied by the bent bar, which is 
also shown in elevation at a. This is made gradually thinner 
towards its extremity and extends about half round the barrel, 
or considerably beyond the point shown in the figure ; it has 
a projection 3, similar to that of a brace, that passes into a hole 
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in tlie cover, and a pin e is firmly riveted to A, being hardened 
and tempered with it. This pin passes through both the 
external coil of the sjjring and the barrel rim, thus replacing 
the ordinary hook. 

Although this elongated bar, which reduces the pull on tho 
eye of the spring, v as received with considerable favour when 
first introduced it has not since then been very successful ; for 
in addition to the fact that it requires to bo made with great 
care, there is some difficulty experienced in placing it in 
position, the elasticity of tho second spring is added to that of 
the mainspring when this is wound up, and the coils are more 
or less cramped according to the force exerted in winding, etc. 

134it. — In repeaters, for more than half a century past, the 
small fixed barrel of the striking mechanism has been cut through 
on one side to allow the spring, which is hooked on the outside 
of the barrel rim, to pass through. In this particular case such 
an aiTangcment is very judicious, and its advantages are cor- 
rectly explained in the writings published in the early part of 
the present century. The spring acts jn'ecisely us though it 
were braced and provided with a stoinvork, because the motion 
of the push-piece is not sufficient to fully wind up the spring. 
The length of spring was so chosen that it gave about 3^ turns, 
and of these only that one was used that gave the most uniform 
strokes ; thus the spring never actually pulls against the edge of 
the rim, which, as we have already indicated, answers the pur- 
pose of a brace, while it retains the coils apart or only just in 
contact ; and these precautions ai'c very necessary when a light 
spring is called upon to drive a complete train of wheels in 
which a great variety of resistances can at any time be opposed 
to it and so prevent the strokes of the repeater taking place at 
equal intervals. 

The variation in the pull throughout the action of the 
spring is very slight in the case we have been considering, as 
only one turn is used, but such would not bo the case if all tho 
turns were allowed to act ; when wound up the coils would be 
forced close together and the entire force of the hand would be 
exerted against the edge of tho rim, etc. 

1344. — M. Sandoz, senior, of Paris, exhibited before the 
Horological Society an arrangement of the mainspring that 
was based on those of M. Philippe but differed in that the 
movable ring rotated in an opposite direction. For assume 
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I c (fig. 4, plate XVII,) to be the elastic ring to which the 
spring is hooked, passing in the direction from c to d. Wlicn 
this is fully wound up the ring will be slightly displaced from c 
towards h, but without noise. 

Several of those present pointed out that if a stud were fixed 
in the barrel rim at a, the act of winding would cause the 
extremity c to bend inwards and when it pressed against the 
outer coil of the spring it would answer the purpose of a stop- 
work ; but, to the best of our knowledge, no one has ever applied 
for a patent for the invention. 

]345i — At about the same time a Belgian watchmaker, of 
Scraing, introduced a very similar arrangement. He merely 
turned the spring itself backwards as shown in fig. 9, plate XVII. 
The end of the bent portion rests against the stud c and, on 
winding up the watch, the bend moves inwards and rests against 
tli(} coiled up spring. 

1340 . — Lastly there was exhibited at the 1867 Exhibition 
in the case belonging to the Director of the Ilorological School 
at Besangon, an arrangement that more or less represents the two 
last forms. In it the spring (fig. 5, plate XVII.) is hooked at s 
to the extremity of a short lover s h which may cither be simply 
held against a stud b or movable about this point, having a short 
axis that traverses the cover and bottom of the barrel like a 
pivoted brace. 

Concluding observations on stopworks and the uncoiling of springs. 

1347, — ^AVe do not propose to examine into those various 
attempts critically ; readers that have carefully studied the fore- 
going chapters can do this for themselves, and will be able at 
•once to determine the practical value of each. Nevertheless it 
is well that we should repeat; the object of the stopwork and 
brace is to facilitate the selection of the most uniform turns of 
the spring, so that the variations shall not exceed what the 
escapement is competent to counteract, and a further object is to 
preserve as far as possible the elastic force of the mainspring, 
jLg wo know from experience, is liable to dimmish in parts 
or throughout the entire length if the spring is subjected to too 
great tension or flexure. 

If the arbor is too small the stopwork will enable us, by 
omploying a spring that is relatively long, to retain one or two 
turns of the spring always in contact with it, and thus, in 
effect, increase its diameter. 
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It is known that the ordinary springs of commerce are 
marked by very considerable pressure and friction between 
certain coils ; and that the sudden separations that result, which, 
vary according to the condition of the oil, interfere with the 
rate of the watch. It will in most cases be found that the force: 
exerted is not only more uniform, but very often greater if we 
employ a spring that is properly braced and thinner, so that 
there are a greater number of turns in the uncoiling ; the most 
uniform scries of these will of course, through the action of tho- 
stopwork, be alone used. This may be considered jiaradoxical, 
but it is strictly true. When the uncoiling i.s less constrained 
there will always bo a slight increase in the force. 

The power of selecting the best series of turns to include- 
within the limits of the stopwork is so important that it must 
be regarded as the reason for the retention of the fusee in 
chronometers ; because with the fusee we can secure with 
certainty a rather longer period of going and a mainspring 
the uncoiling of which takes place under the best possible 
conditions ( 1301 ). 

This last observation is of the highest importance, so much 
so that it alone should settle the discussion between the advo- 
cates of the fusee and of the going barrel. It explains why 
pocket chronometers, unless they have enormous barrels, cannot 
do without a fusee. It justifies the English makers who in 
their splendid high-class watches, with such excellent rates, 
have retained it ; but they make an error when they put it in 
watches of the commoner class, 

Conclmion . — ^In watches that are expected to possess a good 
rate, the first element of regularity consists in the proper- 
uncoiling of the mainspring with a minimum of friction between 
the several coils. 

This property of uncoiling satisfactorily depends uponr 
the form of spring, its mode of attachment, and the judicious 
use of a brace when necessary. 

If we have a spring possessing the requisite properties, it 
will only retain them on condition that it is not subjected to 
strains in excess of the limits of its elasticity, and it is the stop- 
work that must guard against such an accident and prevent the- 
condition of the spring being modified. 

If we have only the common spring met with in ordinary 
watches, we can only repeat what is said in article 1334 * 


PART III, 


MISCELLANEOUS ARTICLES. 

INTRODUCTION 

TO THE STUDY OP ISOCIIKONISM AND COMPENSATION 

LAW OF ELASTICITY AND ISOGHRONISM OF VIBRATING LAMIN/E 

AND RODS. 

1248 . — The maximum elasticity of a body is determined 
by its limit of compression, or tension, or torsion, that is to say 
the point beyond which, if released, it will not regain its 
original form. It has in fact become distorted. 

The charge that corresponds to this limit in delicate bodies 
is a small fraction of that which would determine its rupture, 
and this breaking strain gives a measure of the tenacity. 

For a metallic wire or lamina the limits beyond which 
distortion would occur are the nearer together according as the 
piece of metal is shorter and thicker ; and it is only between 
those limits that the body will exactly recover its original form 
so as to conform to the following laws, which assume the metal 
to bo absolutely homogeneo\is. 

Elasticity of flexure. 

1349 « — Two lamincc or rods that onltf differ as regards length 
will, in a given time, perform a number of vibrations inversely pro- 
portional to the squares of their lengths. 

Length of o 5 (fig. 70) = 1. 1x1 = 1 

„ ao =4. 4x4 = 10 

Hence a h will perform 16 vibrations while a c performs 1. 

1 ^ 50 , — Por a given length, the number of vibrations of a rod or 
lamina is proportional to the thiclcness but independent of the width 
(assuming the vibrations to take place entirely in the plane 
perpendicular to the broader face). 

Thus let/2,/4, andy 4 (fig. 70) be the sections of three 
rods ; /2 and/4 will make the same number of vibrations, and 
g 4 will make twice this number in a given time. 
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Elasticity of torsion. 


1351 • — With a given stretching weight, the periods of oscillation 
of two rods or wires of the same length but different diameters are in 
inverse proportion to their sections. 

Take two wires e and d (fig. 70) whose diameters arc 1 
and 2. 


Section of d is proportional to 1 x 1 or 1 
„ e „ 2x2 or 4 

The period of vibration of d will be to that of e as 4 : 1. 

Thus for round rods or wires the period is inversely pro- 
portional to the square of the diameter. 

Now take two rods, / and g, of equal length but square 
section. 


Section of f= 2 X 2 or 4 
j, ^ = 4x4orlG 


The proportion is then as 4 : 1 as in the case of round rods. 
1253 < — With a given ivirc the numbers of oscillations in a given 
time are as the square roots of the stretching loeights. 

Assuming the w^eights to be . . . 1, 4, 9, IG, 25... 
These numbers will bo . * . . 1,2,3, 4, 5... 


e 
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Fig. 70. 


1353 .' — If the weight remain the same and the length be varied 
the period will depend on the square root of the length. 

Thus for lengths 1, 4, 9, IG, 25. . . 

The corresponding periods are . . 1,2,3, 4, 5... 

Observation. — These laws can be easily verified for the 
torsion of a lamina or wire, since it is only necessary to find 
from tables the weight and amount of displacement that are 
possible without exceeding the limits of elasticity, as gravity 
does not interfere with the motion of the weight. 

But in the case of flexure, if the force exerted by the lamina 
is such that it can, without constraint, overcome the weight,- 
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tlio force of gravity will be almost neutralized, whereas if the 
blade is influenced by the weight, its action is subject to the 
control of gravity ; its elastic force goes for very little and the 
apparatus becomes nothing but a pendulum under the action of 
gravity and, as such, its oscillations become in a great measure 
independent of the weight, being a function of the distance 
between the centres of suspension and oscillation, 

liftw of tlic Isochronisitii of Vibrations of clastic laminae. 

1354> — Tlie oscillations or vibrations of a metallic lamina 
or wire are only isochronal, that is to say performed in equal 
times, when they are extremely short. 

Hooke, F. Berthoud, and certain physicists of their day, 
were in eiTor when they concluded from some incomplete 
experiments, performed without any sufficient means of verifi- 
cation that, “ the vibrations j both long and short, of a given spring 
<arc isochronal^ 

1355, — ^Wlien a rod or lamina carries a weight (which must 
not be sufficient to strain it) the oscillations of varying extent will, 
in virtue of a mechanical law, he isochronal when the force or rather 
moment of torsion is proportional to the angle of torsion. 

This law, that the forces must he proportional to the angular 
displacement, forms the basis of isoehronism (C61). 

1356. — Since tmequal arcs of vibration can only be 
Isochronal when performed in obedience to the above law, it 
follows that any appreciable alteration in the weight, which may 
increase or diminish the inertia and the pressure on pivots as 
well as change the resistance and therefore the conditions of the 
lift, may modify the isoehronism for better or worse according 
to circumstances. For variation of the weight of a body sup- 
ported on pivots and under the control of a spring will cause not 
only the pressures but also the resistances to vary ; cither during 
the lift when the motive force is being applied, or towards the 
end of each oscillation when the swing will possess all the more 
energy as the mass in movement is greater. If the relative 
proportions of the forces to the angular displacements arc altered 
the isoehronism will be modified in a similar degree. 

These considerations enable us to explain why a balance- 
spring that is isochronal with the elastic balance (1434) is 
usually no longer so in the chronometer when it has to over- 
come the various resistances of the escapement. 
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ON COMPENSATION FOR THE EFFECTS OF TEMPERATURE IN 
MACHINES FOR THE MEASUREMENT OF TIME. 

liow of Dilatation. 

1257. — Bodies increase in volume witli an elevation of 
temperature and diniinisli when it falls. The balance of a watch 
and the pendulum of a clock change their dimensions with every 
variation of temperature ; and the same is the case with all 
other parts of the machine. 

The elongation of a body in any one direction with heat 
is known as its linear dilatation or expansion. 

The increase in its volume, that is in all three dimensions, 
is the cubical dilatation ; this depends on its linear dilatation in 
length, breadth and thickness. 

1358. — Experience has shown that the dilatation of metals 
and nearly all solids* is practically uniform from 0“ to 100® C., 
in other words that it is proportional to the elevation of 
temperature. 

Beyond these limits it becomes variable and seems as a 
rule to increase more rapidly as the temperature is elevated. 

1359. — In a perfectly homogeneous metallic body that is 
free from constraint dilatation talces place in straight lines in every 
direction from the centre towards its surface. 

A disc of cast steel that is homogeneous and accurately 
tmrned will expand uniformly, always remaining fiat, so that its 
circumference will become larger but remain perfectly circular. 

A disc of wood (as well as of some non-homogeneous 
metals) will become oval and may even warp on heating ; this 
is owing to the fact that its linear dilatation is not the same 
along the fibres of wood as it is across them. 

1300. — We would here insist on the exact enunciation of 
the law of dilatation as given above, because ignorance of its 
nature or careless observations of its effects have given rise to 
very erroneous ideas among watchmakers and even, what is 
more remarkable, among some physicists of repute, and have 
thus given rise to the invention of a host of ridiculous modes of 
compensation. 

* Among the bodies that fom an exception and do not expand with a snic of 
temperature maj be mentioned water below 4* C., indiarubber, and claj. 
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As a general or rather invariable rule, when the effect of 
dilatation is not in conformity with the law above enunciated it is 
owing to the fact that the metal is non-homogeneous ; that por- 
tions of it are crystalline or present flaws or breaks of con- 
tinuity ; that foreign bodies are unevenly distributed throughout 
its mass ; that, owing to the torsion, hardening, rolling or coil- 
ing, either the whole or part of the body is in a state of mole- 
cular constraint, in other words of compulsory equilibrium 
which tends to disturb itself on the application of heat or 
cold, or under percussion, pressure, etc. This condition of 
imstable equilibrium is one cause of want of uniformity in the 
effects since they do not always remain identical in the back- 
ward and forward movements (1367). 

A body that is unevenly heated or which, owing to differ- 
ences in its molecular constitution, does not receive the heat 
uniformly will be the more strained according as its molecular 
state is less uniform (351). 

Force ot Dilatation and Contraction. 

1361.— The force of dilatation of a body is equal to the 
resistance it is capable of opposing to compression, and can be 
represented by the weight which, for example, pressing verti- 
cally on a bar of iron would be competent to compress it by the 
exact amount that it expanded, when free, on an elevation of 
temperature of 1“ C. 

The force of contraction is equal to the resistance the body 
can oppose to traction, and is measured by the weight that 
would be competent to elongate the body to the same extent as 
it is shortened by a fall of temperature of 1* C. 


COnrENSATOBS. 

General Considerations# 

1363. — ^As we have seen, the dimensions of a balance or 
pendulum are always varying ; for this reason attempts have 
been made to neutralize the effects of these changes on the rate 
of a timekeeper by what are known as compensation balances 
and pendulums. 

Many makers of compensators that are more or less novel 
fall into an error in neglecting the sources of gain, etc., that 
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arise in the mechanism itself and they only attempt to neu- 
tralize the dilatation of the balance or pendulum. As a matter 
of fact this latter has but little influence in high-class horo- 
logical mechanism, and, as regards ordinary timekeepers, it is 
nearly alwa 3 ’^s very much less than the gain or loss with changes 
of temperature that arise from the machine as a whole and are 
often due to faults of construction. 

Clocks and watches that are intended for ordinary use will, 
if made with care and well proportioned, do very well without 
compensation except in a few special cases. 

But this is not the case with high-class mechanism that 
is intended for the measurement of time to within a few tenths 
of a second ; in such a case compensation is indispensable. 

Preliminary details relating to the Properties of metals. 

1363 . — Before attempting to make or plan any form of 
compensation, a watchmaker must have accurate notions as to 
the nature of metals, and he should study, both experimentally 
and in works on physics : 

Their dilatability or elongation for each degree rise of 
temperature ; 

Their conducliUlity or the greater or less facility with which 
they receive and transmit heat ; 

Their capacity for heat, that is the power they possess of 
absorbing a quantity of heat, on which will also depend the 
greater or less time occupied in losing heat; 

Their density or the relative weights of equal volumes ( 47 ). 

It is further necessary to know their elasticity and the 
manner in which it is modified by temperature. It will then 
be easier to understand the effects of centrifugal force at dif- 
ferent temperatures ; for if the elasticity of the divided rim of 
a compensation balance diminishes or increases, centrifugal 
force will have a greater or less effect. 

1364 . — F. Berthoud concluded from his experiments that 
about eleven-twelfths of the effect of a compensator is required 
to counteract the loss of elastic force of the balance-spring. 

In one of his marine chronometers he stated that the 
relative loss to be corrected was : 

62" of loss due to the balance itself ; 

831" „ „ balance-spring. 
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Selection of Ifletals.— Conclndiiig: observations. 

1365. — ^Tlie first difficulty to be overcome in makin" a 
compensator consists in selecting tlic metals, wbicb seldom 
possess tlio exact qualities tliat arc required. And wlien "we do 
obtain suitable metals it may happen that their properties are 
damaged in part or completely by bad workmanship. 

Glass is not satisfactory ; it docs not expand uniformly. 

Zinc is too crystalline and non-homogeneous except when 
extreme care is devoted to the melting and preliminary Avorldng. 

Sled is liable to be magnetized and it is, moreover, crys- 
talline. 

Ordinary Irass is very seldom homogeneous ; very often it 
exhibits different proportions between the two metals in different 
parts of its mass, due to the phenomenon of liquation. After 
fusion and indeed when it has merely been roughly worked, it 
remains for some time in a condition of molecular re-arrange- 
ment. This has been more especially noticed in parts that are 
made of the cast brass of commerce. 

An analogous effect has also been shown to occur in the 
case of steel laminas when they have been subjected, under 
certain conditions, to long continued vibrations. 

Iron and copper require less care in their preparation ; but, 
while they arc not entirely free from the objections mentioned 
aboA'e, they arc softer and less rigid, the one than steel and the 
other than brass, 

1300. — ^We trust that the reader will now understand the 
conditions under which -we can hope to neutralize the effects 
due to changes in the dimensions of bodies, owing to variations 
of temperature, in machines for the measurement of time ; and, 
in conclusion, wo would repeat what we have already said in 
the Revue Chrono7nctnquc : “ As a general rule, every compensa- 
tion pendulum or balance whose construction is characterized 
by harsh and numerous frictions, many points of contact and 
excessive pressure supported by small surfaces, is bad, and if it 
does not prove itself to bo so at once it will in time. Friction 
and numerous contacts against any one part will interfere with 
the effects of dilatation ; small surfaces subjected to consider- 
able pressure will wear or become distorted in time, to say 
nothing of the adhesion which is a further cause of variation.” 

1367. — ^As an example wo would refer to the system of 
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compcnsatiou by levers, in wliicb at certain periods the resist- 
ance to compression counteracts the force of dilatation owing 
to the great pressure and adhesion that occur. To establish 
this fact it is only necessary to shake the entire arrangement or 
to give it a slight sharp blow, when the dilatation will suddenly 
assert itself. It seems moreover to be established at the present 
day that dilatation occurring at points of contact takes place, as 
in the case of crj^stallinc metals, by a succession of very slight 
movements or infinitesimal jumps ; and it naturally follows that 
if the normal action is checked the dilatation will occur with all 
the more violence. 

136Si — The preceding considerations will explain why the 
regularity attainable by employing a compensation balance 
with bi-metallic arms and weights that move freely on a change 
of temperature has never been surpassed by any other combin- 
ation, in which a greater number of parts exist that are subject 
to several contacts and pressures. In fact there is always in 
such an arrangement a loss of time between the backward and 
forward movements, as well as slight differences in the non- 
uniform motion due to dilatation, which are insensible in large 
pendulums such as the gridiron, where the pressure is well dis- 
tributed, but become very detrimental in the very delicate and 
easily affected balances of chronometers. 


THE PENDULUM. 

Illstorical Notice. 

1209t — The invention of the pendulum as a means of 
measuring short intervals of time is attributed to Galileo. After 
his day astronomers counted the number of oscillations per- 
formed in a given time, and employed this datum to measure 
the periods of celestial phenomena. 

Some authors maintain that the Arabian astronomers 
employed the pendulum, but there is no evidence to show that 
Galileo was aware of this. 

If a slight angular movement be given to a freely suspended 
pendulum, its oscillations, while gradually diminishing in extent, 
will occupy periods which at first sight Galileo affirmed to bet 
equal. But he was mistaken ; the difference, although very 
slight with short arcs, is none the less real, and Huyghens dis- 
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covered and proved that the oscillations of a pendulum are only 
isochronal when its centre of oscillation describes a cycloidal 
path. 

The first application of the pendulum to clocks is also due 
to Huyghens (1657) ; but it is only right to remember that 
Galileo had some idea of this adaptation, and that he had even 
invented an escapement with a view to carrying it out. His son, 
Vincent Galileo, either from not seeing the value of the discovery 
or from being engaged on matters of another kind, neither pub- 
lished it nor followed it up. 

1370 * — Compensation pendulums, whos^ object is to neu- 
tralize the effects of contraction and dilatation due to changes 
of temperature, are of various kinds. 

The mercury pendulum was invented by Graham, who also 
suggested the gridiron subsequently brought into practical use 
by Harrison.* Regnault proposed the pendulum with compen- 
sating weights, and Ellicot and Deparcieux made the first lever 
compensations, of which very many forms exist at the present 
day owing to numerous watchmakers having directed their 
attention to i)endulums of this class. Subsequently Varingc and 
Rivaz and others proposed to effect the compensation by employ- 
ing an iron or copper tube containing a second tube of some 
more expansive metal, which is supported at its lower extremity, 
while within it is an iron rod fixed at its upper end and carrying 
the pendulum bob. The mode of action is identical with that 
of Harrison’s gridiron pendulum. 

TOEOKY or THE rEYOVl.V]I. 

1371 • — A theoretical pendulum consists of a heavy mole- 
cule suspended at the extremity of a perfectly flexible cord 
without weight and oscillating in a vacuum. 

Such an ideal pendulum could not of course exist, but it is 
realized as nearly as possible in practice by suspending a small 
platinum ball by a thread of silk; this is termed a simple pen- 
dulum. At the latitude of Greenwich a simple pendulum if dis- 
placed firom the vertical and allowed to oscillate in vacuo will 
perform one oscillation in a second when its length, measured from 

• A very clever English watelimakcr, born in 1693 and died in 1776, who invented 
bi-metallic compensation and designed a marine clironomoter that secured him a 
Goyemment award of £20,000* His arrangement was once copied by Larcum KendaU 
but afterwards abandoned, as the English preferred the form suggested by J. Arnold, 
which consisted in an ingenious application of the principles discovered by P. Le £oy« 
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the point of suspension to the centre of the small heavy ball is 
994*13 mm. (39*1397 ins.). For an approximation when no 
special accuracy is required, as in the case of ordinary horo- 
logical mechanism, we can take 994 mm. or 39*14 ins. 

Eiaws of the uioveincnt of simple pendulums. 

1272. — The numbers of vibrations in a given time are inversely 
as the square roots of the lengths. 

If the bob is displaced from the vertical and released it will 
return and ascend to an equal distance on the other side in 
virtue of its weight. The velocity of movement of the pen- 
dulum is in accordance with the laws of falling bodies ( 126 ), 
for the moving pendulum is no more than a falling body under 
certain restrictions. If Ave assume the pendulum to be dis- 
placed laterally until its rod is in a horizontal position, it will 
be seen that the distance through which it descends is equal to 
the length of the pendulum (n and w, lig. 72, page G04). Hence 
it follows that the descent of a short pendulum Avill, in virtue 
of the laws above referred to, take place in much less time than 
that of a long one. Thus, consider the case of a short pendulum 
whose length («) is a quarter of that of the longer one (n) ; the 
shorter Avill travel twice as quickly as the longer. Or, in other 
words, it will perforin two oscillations while the longer performs 
one. The lengths are as 1 : 4 and the square roots of these 
numbers are 1 and 2 ; thus the number of oscillations are in- 
versely as these square roots. 

1273 . — The times occupied in the descent (or the periods of 
the oscillations) are proportional to the square roots of the lengths. 

If the longer pendulum fall in 2 seconds, the shorter falls 
twice as quickly and will therefore reach the vertical in 1 second j 
and 2 and 1 are the square roots of the lengths 4 and 1. 

1274 . — The lengths are inversely proportional to the squares of 
the number of oscillations in a given time. 

If we observe that : 

The lengths are ......... 1 and 4 

The corresponding numbers of oscillations . 2 and 1 

The squares of these numbers ..... 4 and 1 

wo have some evidence of the truth of this law. 

These several laws will enable us to determine the length 
of pendulum for any case that presents itself. 
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To determine tlie Icnji^fli of a simple pendiiliini. tlic number 
of oseillatious beiii^ given, or vice versa. 

First method. 


1275. — Let the pendulum be required to perform 7,000 
oscillations in tin hour. 

The simple seconds pcnduhim mcusiires 904 mm. and it 
makes GO x GO or G,G00 oscillations per hour; we thus, from 
1274, have the proportion : 

7,000 X 7,000 : 3,G00 x 3, GOO : : 994 : a- 
or 49,000,000 : 12,9GO,000 : : 904 : a; 

Dividing the product of the means by the known c.Ntrcrae 
we obtain 


12,%0,000 X 904 
49,000,000 ■ 


= 2G3‘9 mm. (]0'35 ins.) 


127G. — If tlie length of a pendulum bo given, say 121 mm, 
(4*764 ins.), the number of oscillations Avill be calculated in 
accordance with article 1272 : 


yi2l : ^994 : : 3,G00 : .r 


or 11 

whence wo obtain 


a : 


31-525 X 3,G00 
11 


: 31-525 : : 3,G00 : .o- 
1 0, 3 1 7; the required number of oscillations. 


It will thus bo seen to be very easy to lind the length of 
the pendulum for a given number of vibrations, or vice versa; 
but, although such calculations are almost (][ulto useless, since a 
table is given, at the end of the volume, of the lengths of pen- 
dulum for all numbers of oscillations, wc have thought it best 
to give the above details for the benefit of readers that are 
unacquainted with the subject; in order that they may become 
more familiarized with it and see how confusing such calculations 
become if logarithm tables are not cnqiloyed. However, in 
case such prob'ems have to bo solved, wo Avill proceed tocx]jlaia 
a second method that is rather more simple, which has been 
given by M. Millet in the llevue Chronomdh'iqiie. 

Second method. 


1277. — Take as a basisforcalculation the pendulum that per- 
forms one oscillation in an hour, the length of which is 12,880,337-93 
metres (507,109,080 inches) or, in round numbers, 12,880,338 
metres; by the third law (1274) we obtain the following^ 
proportion : 

12,880,338 : x (the length) : : u* (the velocity) : V 

44 
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Since the square of 1 is 1, it is only necessary to replace x 
Ly the length (if this is given), or v by the number of oscilla- 
tions in an hour (if they are pro-dctcrmincd), and the value of 
the unknown quantity will be obtained. 

First Exam 2 )le . — IIow many oscillations will be made by a 
pendulum measuring n05 mm. (12-008 ins.) ? 

We have the proportion ; 12,880,338 : 0-305 : : ; 1 

Dividing the ju'oduct of the extremes by the known mean 


12,880,31^ 

0-305' 


42,230,016, 


and V will be the square root of this number, or 6,498 oscilla- 
tions per hour. 

If the dimensions are given in English inches the numbers 
507,109,080 and 12-008 would be employed thus 
507,109,080 : 12-008 : : v- : 1 


.2 _ 507,109,080 


42,230,936, 


12-008 

the slight difference in the results being due to the non-equality 
of the two approximate figures given above. 

Second Example . — ^^What should be the length of a pendulum 
to give 4,100 oscillations per hour V 

It will suffice to indicate the several stages of the calculation: 

12,880,338 : a; : : 4,100' : 1 

12,880,338 -.xi: 16,810,000 : 1 

12,880,338 , /omro- ^ 

10,810,000 (30158 >“»■). 


The Isocbronal Penalulum* 

Scale of velocities. 

13178. — As we have already seen, Galileo concluded from 
his observations, which must necessarily have been very imper- 
fect with the means at his disposal, that the long and short arcs 
with any given pendulum are isochronal. Huyghens detected 
the error made by Galileo, and showed that the long arcs 
occupy a longer period than the short arcs, and he further 
demonstrated that, in order to make all the oscillations isochronal, 
the centre of oscillation of the pendulum must describe a 
cycloidal path on either side of the vertical. This cycloidal 
path gradually deviates (inwards) more and more from the 
ciicular arc described from the point of suspension as a centre, 
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assuming the lowest points of the two to coincide ; and from 
til is fact we see that the retardation of the long oscillations in a 
■circular arc will become greater as their amplitude is increased. 

This retardation is dcducible from the laws of motion, by 
which it can be shown that if a ball roll along the concave face 
of a circular arc it will occupy a longer period in descending 
from to 15 (fig. 71) than from a to B, etc., whereas if the ball 
roll along the internal face of a cycloid /«? B, the spaces 
•etc., will all be traversed in the same period of time. 



The velocity acquired at b by a pendulum that has traversed 
the circular arc c n is to that of the same pendulum when it 
'iommenced its movement at a as the chord c b is to the chord 
n B. Hence it follows that if we subdivide the arc traversed, 
commencing from n, into parts such that their chords arc in the 
ratio of 1, 2, 3, 4, 5, etc., the arc so divided will give us 
a scale- of velocities; so that, if the pendulum start in two 
cases from the divisions 10 and 5 for example, its velocities at B 
will be as 10 is to 5. 

1379 . — Huyghens proposed to cause the pendulum suspen- 
sion, formed of silk threads or very flexible metallic blades, to 
bend by coming in contact with curved metallic cheeks so as to 
make the pendulum bob traverse a cycloidal arc. This method, 
although very ingenious, was not successful; the effects of 
moisture, dilatation, fi’iction, adhesion of contacts, etc., gave 
rise to irregularities that were greater than those ho desii-cd to 
counteract. 

Circular arcs were therefore reverted to and in the com- 
moner clocks the loss on the long arcs was more or less balanced 
by a slight recoil of the escapement ; as regards very accurate 
timekeepers, by devoting great care to their construction it was 
possible to reduce the extent of the oscillation to only a few 
degrees. In such a small interval the cycloidal and circular 
arcs are practically coincident, and the error committed in as- 
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suming these Yery small oscillations to bo isochronal was exceed- 
ingly minute ; but makers went to an extreme : they replaced 
long cycloidal arcs performed by comparatively light pendulums 
by pendulums of immense weight with arcs of oscillation that 
were almost imperceptible. Then it only required a moderate 
shake to stop the movement. 

We have already indicated in the articles on (docks and 
timepieces commencing at page 541, the limits between which 
experience has shown that the angular movements of jjcndulums' 
should be confined, and we would therefore refer the reader to 
them. 

The retardation of a pendulum caused by an iucrcasc iii 
its arc of oscillation. 

1380 < — The retardation caused by increasing the arc of 
oscillation of an entirely detached pendulum increases in a 
much more rapid ratio than the amplitude, as will be seen from 
tlie following table which is due to M. II. Robert. 


Arc of Oscillatioii. 
()T>° 






Loss in 24 hours 
0-4o soc*. 

1-0“ 






1*55 „ 

O 

O 






o-oo „ 

8*0^ 






]4*80 „ 

4-0^ 













41 *80 „ 







l' 0 r> min. 

7-0^ 






Mr) „ 

CO 

o 

Q 






1-85 „ 

D-O" 






2-15 „ 

lO'O^ 






2-50 „ 

.—1 

o 

0 






8-GO „ 

20-0'’ 






10-70 „ 

25-0'’ 






17-00 „ 







24-00 „ 


A change of latitude or of altitude will occasion a loss or gain in the rate of a 

pendulum. 

1381 » — Gravity, or the mutual attraction between bodies, 
varies directly with their masses and inversely as the square of 
their distancjcs. From this it follows that the farther a pen- 
dulum is removed from the centre of the earth the less will it 
be attracted in its descent towards the vertical. This is one 
reason why a pendulum loses on being transferred from a plain 
to the top of a mountain or from one of the earth’s poles 
towards its equator, for the earth is not a perfect sphere but a 
fipheroid slightly flattened at the poles. 
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Another reason ^117 the pendulum loses on hein;^ trans- 
ferred to the ecpiator lies in the fact that the rotation of the 
earth gives rise to centrifugal force at its surface ; from being 
zero at the poles this force gradually increases to a maximum at 
the equator, and, since it acts in opposition to the force of gravity, 
it counteracts a gradually increasing proportion of this force. 

A 2 >endulum tliat beats seconds at Greenwich would 
require to be shortened rather more than 3 millimetres if trans- 
ferred to the equator, and lengthened 2 millimetres on being 
removed to the pole, in order that it might continue to beat 
seconds. 

TOE ORDIXABT OB C0.1ir0IJ\» PEXDULVn. 

To fiad its centre of oscillation. 

1283. — ^Wchave hitherto only been considering the simple 
pendulum as defined in article 1271, whereas the pendulums 
einploy’ed in jiractice cannot dis 23 cnse with a sufficiently rigid 
rod, which must jiossess weight ; it is, moreover, often nccessaiy 
to attach pieces to it. Thus the centre of oscillation will be 
caused to rise above the centre of the bob by an amount that 
increases as the weight of the rod is made greater. As many 
watchmakers have a difficulty in distinguishing between these 
tvro centres we will consider them in some detail. 

Consider the case of an oscillating pendulum (fig. 72, page 
094). In virtue of the laws of gravity as influencing a pen- 
dulum, a has a tendency to move quicker than 5, b quicker than 
'<?, and so on ; and thus it follows that, whereas the portion d 
tends to retard the movement, the parts a, b, c, tend to nc- 
<;elerate it. There must be some jjoint, say'- :p, at which those 
two tendencies neutralize each other, so that the motion Avill bo 
the same as though the entire mass of the pendulum were 
concentrated at that jjoint, tvhich is hioion as the centre of oscil- 
lation ; and the oscillations of the conqiound pendulum will bo 
isochronal with those of a simple pendulum of length y x. 
These effects may be rendered visible by using a pendulum 
formed of some flexible substance carrying two bobs at different 
heights. The acceleration of the upper bob will bo evidenced 
by the flexure of the rod. 

Hence the heavier a pendulum rod is made or tlic more it 
is loaded with accessory pieces, the higher will its centre of 
■ oscillation be above the centre of the bob; and a compound 
pendulum of whatever form or material has exactly the same 
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period of oscillation as a simple pendulum whoso length is equal 
to the distance between the centre of suspension, y, and the centre of 
oscillation, x, of the compound pendulum (neglecting difforencos 
due to the resistance of air, the suspension spring, etc.). It will 
be seen then that attention must be directed to the determina- 
tion of these two points and not to the external dimensions of 
the pendulum. 




Tig. 72. 

. In a pendulum formed of a heavy bob and a light rod 
of aluminium for example, the centre of oscillation will bo very 
slightly above the centre of the bob, and it may even bo at it 
or below it if the screw that supports the bob counteracts the 
weight of the rod. 

In a seconds pendulum with a lenticular bob weighing 
10 kilogr. supported by a stool rod 11‘33 mm. wide and 4-5 mm. 
thick, the centre of oscillation will be about 8 mm. above the 
centre of the bob. 

1383. — It will be seen that in questions relating to the- 
pendulum no certain measurements can be obtained unless the 
simple pendulum is taken as a starting point. So that any 
observations made on this latter will be applicable to the com- 
pound pendulum. 

In ordinary practice the method explained in article 1016 is 
adopted for its determination ; but by such a means only an ap- 
proximation is obtained, because it in reality only gives the 
centre of ^avity (48), and the centre of oscillation will be at 
some distance from the centre of gravity, especially if the pen- 
dulum rod is loaded at its upper end, by a knife-edge for example; 
or if it is provided with attached pieces such as a slide (see 
article 1305), if the suspension spring is of some length, etc. 

The theory of the pendulum, one of the great researches 
of Huyghens, is complicated and can only bo studied by mathe- 
maticians ; we must then confine our attention to those points. 
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with which the watchmaker must be acquainted, and certain 
experimental data. In any case if a watchmaker requires to 
find the centre of oscillation of a pendulum he can always resort 
to a very simple method : having suspended a small ball of 
platinum by a very fine light thread, hold the thread so that 
the distance between the hand and the centre of the ball is equal 
to the length given in the tables for the required number of 
oscillations. By making this simple i^endulum and the one 
under examination oscillate one in front of the other, it will be 
easy to fix ujjon the length of the latter that gives oscillations 
that arc isochronal with those of the former and we shall further 
know, very approximately, its centre of oscillation. 

We can also practically determine the position of the centre 
of oscillation as compared with the centre of rotation (when this 
is a knife-edge) by the principle, which can be proved mathemati- 
cally, that they are convertible. That is to say, if the pendulum 
is inverted so that it can bo supjDorted at its centre of oscillation 
and is caused to oscillate, the period of an oscillation will be 
the same as when it is supported at the centre of suspension. 

To make such an experiment a small knife-edge is usually 
attached just above the centre of the lenticular bob of the pen- 
dulum in such a manner that it can be moved upwards or down- 
wards by means of a screw. The pendulum is then inverted 
and made to oscillate on this new centre, which is raised or 
lowered until the pendulum is found to perform precisely the 
same number of oscillations in a given time in each of the two 
positions. The distance between the knife-edges will then give 
the length of the corresponding -simple j)cudulum. 

When the suspension is by a spring or thread this method 
is not sufficiently exact. 

On thn form of a pendulum. 

Hesistanco of tlio air ■— barometric Pressure. — Bcrtlioud s experiments. 

1284. — The maximum regtilating power of a pendulum 
with a given motive force is secured by concentrating the 
greatest possible amount of its total w'cight in the bob and only 
giving the weight and strength to the rod that arc required in 
order to ensure its rigidity. The whole should bo formed so as 
to enable the pendulum to cut through the air with a minimum 
of resistance. A lenticular bob, formed of a flat disc thinned off 
to a cutting edge such that its section through the centre and 
perpendicular to the surface consists of two segments of circles 
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facinjT eacli other and of such a size that the diameter is to the 
thickness as 3 is to 2, is found to satisfy these conditions ; at 
least these are the generally accepted dimensions (lltOI)* 

The resistance of the air diminishes the extent of the 
oscillations but docs not sensibly reduce their period, exccj)t 
■when the pendulum is in a very confined ease. 

As regards the errors occasioned by variations in the density 
of the air, that is in the baromcti'ic ])rcssure, Bessel and Ber- 
noulli regarded them as ncgligcable, but more recent researches 
have shown that this is only the case under certain conditions. 
The amount of the error is about 0'35" in 24 hours for each 
inch rise or fall of the barometer, but it depends upon the arc 
of oscillation of the pendulum ; and methods proposed by Airy 
in England and Redier in France are occasionally used for 
counteracting its influence. 

1285. — While the above advantages are claimed for the len- 
ticular form it has the objection that, if not accurately in the 
plane of oscillation, the resistance of the air, etc., imparts an 
undulatory movement to it, the extent of which depends on the 
density of the air and the greater or less rigidity of the suspen- 
sion Sirring at varying temperatures ; and this movement may 
have an effect on the rate in the case of asti'onomical clocks. 

To avoid this possible source of error, especially when 
employing wooden pendulum rods as they may be twisted 
on a change of temperature, the lens-shaped bob is often re- 
placed by one that is either spherical or cylindrical. 

With a view to determine the resistance of the air, F. 
Berthoud made experiments on two pendulums of the same 
weight placed side by side, but one having a spherical and the 
other a lenticular bob. He demonstrated that the motion of 
the latter was maintained rather longer than that of the former, 
but the difference was very slight, about -Ath, and wo cannot 
say whether it was duo to the particular form or to the suspen- 
sion ; further experiments conducted with extreme care xvould 
be necessary in order to decide this point, which after all is of 
no importance except in the case of the very finest clocks. 

12SG. — The following table gives a summary of some of 
F. Berthoud’s experiments. The height of the barometer 
remained stationary while they were made. A freely suspended 
seconds pendulum was simply displaced from the vertical and 
released. The time was noted daring which the arc of oscilla- 
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tioii ditninislicd by successive degrees, but we only give tlic 
two extreme observations. 

Lens-shaped bob Arc of ] 0° redneed to one of 0'2r)° in 20 hrs. 4 0 min. 
weighing 10-4 kilogr. J „ 0'2:>° „ „ 0-12° „ 8 „ 

Lens-shaped bob 1 „ lo'' „ „ 0-25° „ 17 „ 0 „ 

weighing 3'58 kilogr. f „ 0-23° ,, „ 0'12° „ 4 „ 

With the same bob beating half-seconds, 

Arc of lO'^ was reduced to one of 0'25° in 14 hrs. 2C min. 

Olscrvaiion hj Bcrthoucl — “If a lialf-seeonds pendulum per- 
form arcs of double extent so that its velocity and therefore 
momentum are tlie same as those of a seconds pendulum with 
the same bob, it will continue oscillating for nearly as long as 
the seconds pendulum, so that the resistance due to the suspen- 
sion is not so great as I formerly believed it to bo.” 

This observation of Berthoud’s is imporlant and it proves, 
perhaps contrary to his intention, that experiments with pen- 
dulums of different weights displaced through equal angles can 
only afford us information as to the resistance of air, because, 
Avith a motive force that in practice is usually pre-determined, 
bobs of different weights will not oscillate through equal arcs 
nor are their suspension springs identical. 

The weight of a pendulum. 

128?. — This chapter will be found to be entirely at vari- 
ance Avith certain views that were generally accepted as true 
amongst Avatchmakers at a time when the science of mechanics 
Avas less advanced than it is at the present day, Anews Avhich 
have unfortunately been pci'pctuatcd in cojisequcuco of the 
neglect of that science by watchmakers. 

Thus all the works on horology contain the two folloAving 
very definite statements, which have been handed down succes- 
sively from master to pupil ; 

Afcndulmn lecomes the more capable of counteracting variations 
in the motive force as toe increase its ic eight ; 

Long pendulums arc preferable to short ones. 

The same has been the case in regard to the regulating 
power of a pendulum, which was ahvays estimated from, its 
momentum instead of its vis viva, a proceeding that would have 
been justifiable had it been left to itself and not subjected to any 
exteraal influences ; but this could not be the case, and it is 
necessary to take into account the constant action of gravity as 
well as the various resistances caused by the air, inertia, shakes, 
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the action of the escapement, the suspension, the form and bulk 
of the pendulum, etc. 

Two moving bodies that have the same momentum will not 
give the same force of percussion if they are subjected to diifcrcnt 
conditions as regards resistance of the air, shakes, the reciprocal 
action that occurs between movingbodics when near together, etc. 

1288 . — Consider the case of a clock provided with a light 
pendulum that makes long oscillations; increase considerably 
the weight of the bob and observe the effect. 

The pendulum first weighs 500 grammes and has an arc of 
oscillation of 20^, and afterwards it weighs 5,000 grammes and 
the arc is reduced to 3”. 

The weights arc as . . . . 5 : 50 
The velocities ,, .... 20 : 3. 

AVhat will be the resistances opposed to iutcrfcriug causes 
by the inertia of tlieso two pendulums ? 

Calculating by means of the formulae given in articles 117 
and 123 , we shall find that these resistances arc, in round numbers: 

For the light pendulum 100 

„ „ heavy „ ..... 20. ^ 

The movement of the heavy pendulum will then bo inter- 
fered w'ith much more easily than that of the other. 

With a given motive force, supposed to bo just sufficient to 
drive the clock, the long arc performed by the light pendulum 
will gradually diminish as w'c increase its weight until it only 
just exceeds the lifting arc. As the jieriod of the oscillation has 
remained the same, the bob will travel in tlio same time through 
a much less space and it will therefore move more slowly. As 
the time occupied by the oscillation is now almost exclusively 
devoted to the lift, this will take place much more slowly. 
Hence there will be a double diminution of velocity: (1) of the, 
pendulum; and (2) of the escape- wheel. 

1280 . — Knowing the w^cight of a pendulum and the dis- 
tance traversed in an oscillation, it is easy to ascertain: (1) 
whether the resistance opposed by the inertia ( 123 ) has varied; 
and (2) whether the velocity of movement has increased or 
diminished; and by repeating this verification for each succes- 
sive increase in the weight of the pendulum we shall be able to 
ascertain whether the change of velocity of the wheel is advan- 
tageous or otherwise, and we can fix upon the mean that gives, 
for a given motive force and lifting angle, a maximum effect in 
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the movement of the pendulum, the least possible resolution of 
the force exerted by the escape- wheel, and the greatest inertia 
to overcome resistances. 

1390 . — These considerations must guide us in modifying 
the weight of tlie pendulum and the motive force should be succcs- 
sivchf made greater and less ; the erroneous idea that the mere 
increasing of the weight of a pendulum is sufficient to improve 
it as a regulator must bo set aside ( 1398 ). 

In discussing the several escapements used in regulators 
and timepieces we have indicated the most usual weight for the 
pendidum. Aided by these experimental data, any watch- 
maker will be able to ascertain with ease the weight that secures 
the best regulator and moderator for a given train. 

Impulsive force of tiac pendulum and force required to 
maintaiu it in motion. 

1391 . — The theory of the pendulum shows that the pov.'cr 
causing it to descend when displaced from the vertical, or the 
im])ulse that it receives through gravity, is proportional to the 
sine of the angle of displacement. 

Tlie sine of an angle or of an arc a c, for example (fig. 73, 
])age 700), is the perpendicular a s let fall from a on the radius 
h c. The portion lying between the foot of this perpendicular 
and c, or s c, is the versine. 

Hence the impulsive force of a pendulum, which is equal 
to its weight (concentrated at the centre of oscillation) when the 
j)endulum is in an horizontal pt)sition, gradually diminishes 
willi the sine of half the angle of oscillation, that is to say the 
angle measured on either side of tlie vertical. At 00" the sine 
and radius become identical. 

Let R be the radius and P the weight of the pendulum, A the 
angular movement on one side, and E the impulsive force (un- 
known) ; this force can be determined for any given iiendulum 
by means of the proportion : 

R ; Sin A : : p : p 

and wo have 

p X Sin A 

F = 

R 

The radius {b c) is known, as it is the virtual length of the 
pendulum, and the exact value of the sine (a s) can be found by 
trigonometry, or, in practice, by a simple graphical method. 
Carefully trace out the angle of oscillation on one side, say 40% 
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and then draw tlie circular arc a c with a radius equal to tho 
virtual length of the pendulum, say 100 mm. From the point 
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a let fall the perpendicular a s and measure it accurately. For 
a radius of 100 mm. a s will be 64‘28 mm. 

Supposing the weight of the pendulum to be 500 grammes 
we shall have : 

500x04-28 


1 - = 


100 


- = 321-4 


Thus the force with which the weight tends to descend 
from a is 321 grammes. 

If the angle of movement were 90® we should have, since 
the sine would then equal r, 

500x100 


p = 


100 


-- = 500 


Or the force exerted by the pendulum is equal to its weight. 

On the force requisite to maintain the movement of a pendulum. 


— ^Whatever be the weight of a pendulum, for a given 
angle of oscillation it will require the same motive force, or very 
nearly the same, to maintain its movement. 

It is easy to explain this fact from theoretical con- 
siderations : the two pendulums of equal length and with the 
same angular movement can be compared to two heavy bodies 
falling from equal heights. As gravity exerts the same force 
on all bodies placed in a given situation, so that in vacuo they 
would fall with equal velocities, it is only necessary to restore 
tho force absorbed in overcoming the resistance of air and of 
the suspension, for if these resistances could be entirely avoided 
tho pendulum would continue in motion for an indefinite period. 
This loss is found to be very nearly the same for all pendulums, for 
if a light pendulum is more impeded by the resistance of air, it has 
a compensating advantage in the suspension being more flexible. 

— If tho initial oscillation is produced by the hand, 
in order to determine the power necessary to maintain tho 
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movement we should require an exact measurement of tlio 
difference between the first and second oscillations, or, in other 
words, the difference between the versines of the two angles of 
oscillation ; from this the amount of force that is lost and 
requires to be restored could be calculated. 

It will bo easier to ascertain the falling off in the arc after 
a certain number of oscillations and divide it by this number, 
which will give very apjiroximately the loss for each oscillation. 
AVc thus know the enei’gy that has to be applied at the centre 
of oscillation, but the most difficult part of the problem still re- 
mains unsolved ; for this sustaining poAver has to bo imparted 
to the pendulum through the agency of a lever and a lifting 
action, the exact character of which depends on the height and 
inclination of its plane, the velocity of rotation of the escape- 
Avhool, etc. ; and these points are so difficult to calculate that 
one is always forced to resort to experiment. 

Nevertheless, in order that the reader may have a clear 
idea of the great increase in the resistance as we go farther 
from the vertical, it will bo well to give the following results 
deduced by llcrthoud from his experiments and calculations, 
although wo cannot answer for them from experience. 

A seconds pendulum weighing 10-4 kilogr. required, in 
order to sustain an oscillation of 1°, a Avcight of 0’123 grm. 
falling through a distance of 0'75 mm. ; and to sustain a move- 
ment of 10“, it required a weight of 10 grms. falling through 
the same distance ; thus the 10° required 157 times the force 
that would sustain an oscillation of 1°. 

Pciiiliiluins of excessive lengtii. 

1394 . — Neglecting the various causes, such as the resist- 
ance of suspension, etc., that may interfere with or modify its 
movement, a pendulum, Avhethcr long or short, will have the 
same regulating power if the energy in virtue of its vis viva is 
invariable. The shorLor one will move more rapidly and it 
will thus compensate for a loss weight by an increased velocity. 

Theoretically then it is a matter of indifference whether 
wo employ a long or short pendulum. 

But observe what practically occurs when we lengthen a 
pendulum. 

In proportion to the total weight, as we continue to indefi- 
nitely lengthen it the regulating power of a pendulum gradually 
diminishes, because, in order to counteract effectively the 
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trembling of tlic bob and tbo iloxuve and torsion of the rod, it 
becomes necessary to make the latter so rigid that its mass 
becomes considerable in proportion to the bob ; hence it follows 
that the centre of oscillation which Avitli a seconds pendulum is 
very near the centre of figure of the bob will be found to bo at 
some distance up the rod Avith a very long pendulum, and this 
will therefore not only fail to satisfy the condition of having a 
maximum weight Avlth a minimum volume, but it Avill also pre- 
sent a comparatively greater surface to the air : the effects of 
changes cf temperature will be more detrimental and less easily 
counteracted, since the entire system Avill bo characterized by ex- 
cessive pressures and A^ery great tension of the suspension spring. 

And, besides these facts, Avdiatever be the length of a pen- 
dulum it can only be a good regulator if it entirely masters the 
motive force and is uninfluenced by changes that may occur in 
it. For a pendulum of any length wdll be under the control of 
the motiA'c force Avhenever this force is transmitted to it by 
escapement arms and crutch of sufficient length, that is when 
applied nearer to the centre of oscillation. 

1295. — Having arrived at these conclusions the further 
solution of the question must be sought for practically. The 
experience of over a century has shown that the A'ery best 
clocks, astronomical regulators, Avhich are the most perfect 
specimens of horological mechanism, do not require a motive 
force greater than that which will sustain the moA’cment of a 
seconds pendulum, in qllicr words the force is not so great that 
the pendulum is incompetent to counteract its irregularities. 
Experience has further jDroved that, even with modern turret 
clocks, it is very rarely necessary to employ a longer pendulum. 
The seconds pendulum is, then, a limit that had better not be 
exceeded. 

Very abort pcniliilutns. 

1290. — Commencing from the old rule that a long pendu- 
lum secures greater regularity than a short one, wo have now 
demonstrated it to be erroneous so far as regards prolongation 
beyond certain limits. 

Lot us noAV invert the question and, taking the seconds pen- 
dulum as a standard, compare it with that beating half-seconds. 

In deciding upon the weights and arcs of oscillation it will 
be observed that the two pendulums can be so adjusted that 
they offer the same resistance to interfering causes in virtue of 
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their inertia ( 1386 ) ; hut in. regard to the one heating half- 
Bcconds wo ohserve tliat : 

(1) There is a greater angular movement and, in conse- 
quence, a greater supplementary arc, which will ho proportion- 
ately more influenced by variations in the motive force ; 

(2) The escapement arms being much sliorter will require 
much more care in their construction, etc. 

As the dimensions of a half-seconds ])cndulum arc still 
sufficiently great to admit of such accurate workmanship, it may 
he relied upon as affording an excellent element of regularity. 

Similar reasoning shows that a still shorter pendulum may 
he satisfactory for ordinary clocks ; hut in that case the several 
parts of the escapement have to be very small and it is not an 
easy matter to ensure tliat they ai'e well jiroporlioncd to the 
pendulum. It is there that lies the principal difficulty, because 
we have to see to the freedom of the pivots, the ahsolute accuracy 
of the wheel and the length of crutch, which should he very 
short ; the drops •will be relatively greater as also the resistance 
of the suspension. 

In a word, a short pendulum moving with sufficient velocity 
is theoretically as good a regulator as a longer one. If it is 
found to give inferior results this is duo to the fact that the 
practical conditions that have to he satisfied are more difficult 
of realization in the ease of the shorter pendulum. 

Oa tlie length of crutch— its suppression. 

1397 . — In the two last articles when speaking of the length 
of escapement arm we intend it to he understood that the inter-de- 
pendcnco between it andthc length of crutch is taken into account. 

We have already referred to this question ( 1014 ), a 
question wliich, to the best of our knoAvledgo, works on horology 
have never nresented in the proper light ; we will revert to it. 

The object of shortening the escapement arms is to prevent 
the pendulum being influenced by variations in the motive 
force : and two cases present themselves. 

The impulse arms may be an ordinary anchor movable on 
pivots, or the pallets may be rigidly attached to the pendulum. 

In the first case the escapement arm is in fact a bent lever 
consisting of an arm of the anchor and the rod of the crutch. 

In the second the anchor and crutch are united, forming a 
simple straight lever. 
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This diversity of form gives rise in practice to a great 
number of modes of action on the pendulum. 

Since the force of the impulse with a given lifting angle 
varies very slightly when the length of escapement arm is 
altered, we will here assume (as we may actually do in practice) 
that it remains constant. I>ut this force, which we assume 
invariable Avith the length of arm, Avill influence the pendulum 
very differently according as the crutch engages Avith it nearer 
to or farther from the centre of suspension. If the point of 
application of the force is at a (tig. 72, page 094), it Avill not be 
resoh^ed in the same manner as if it were at c ; and the resolution 
Avill not occur in the same manner at these points if the Aveiglit 
of bob, or the Icngtli or stiffness of the suspension be altered. 

We think wc haA’^e said enough on this subject here and 
in articles 100 >4 and 1014 to proA^e to the reader that the 
length of escapement arms and crutch, the length and elasticity 
of the suspension, aiid the Avcight of the bob all form parts of one 
and the same problem, being intimately co-rclatcd . Enough seems 
to have been said to enable every intelligent watclnnaker to solve 
the problem, and we will conclude with a riisuind of the subject. 

ISOSt — ^Froin the latter articles and the principles deve- 
loped in articles 010-934 wo conclude as a general rule that : 
the length of a pendulum depends on the length of its escape- 
ment arm (a bent leA'^cr Avhen the crutch is used), and conversely ; 
the shortening of the arm that receives the imjAulsc must depend 
on the motive force, in other words on tlie pressure which the 
impulse faces of this arm can sustain without being damaged 
( 918 ); the length of arm that transmits the impulse varies Avith 
the weight of bob ; and, lastly, the lengths of the pendulum 
and of the arms that communicate motion to it (the anchor and 
crutch) should be so inter-related that variations in the force 
have very slight influence or none at all on the extent and 
period of the oscillations. 

As regards the Avcight it should be so proportioned to the 
velocity that the resistance due to the inertia of the pendulum 
is a maximum ; but it is important never to forget that for any 
given weight of pendulum there is one point at which it should 
bo struck in preference to any other ; and that if one changes 
the other must be altered in proportion, because it is essential 
to restore the energy of the pendulum in the manner that is 
least likely to interfere with its free and natural oscillations. 
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The Pendulum Suspension. 

1399. — The earlier pendulums were suspended by a tliin 
cord of some textile substance. Clement, of London, replaced 
the thread by a long flexible metallic blade, and, by employing 
two springs instead of one, J. Lo Roy rendered the invention of 
Clement more perfect. If at a suitable distance apart, they 
prevent the twisting movements of the bob. This is the sus- 
pension in use at the present day. 

We shall not consider the knife-edge suspension as it is now 
completely abandoned except for a few rare and very special 
cases. 

If the point at which a pendulum receives its impulse be 
brought gradually nearer to the centre of rotation, the pendulum 
being supported by long and flexible blades, at each impulse 
these blades will have an undulatory movement all the more 
marked as tlie point of impulse and the centre of rotation are 
brought nearer together, the blades made longer and more 
flexible and the bob lighter. There will result an unintentional 
shortening of the pendulum when it performs long arcs, and 
these will therefore be accelerated on the short arcs. This will 
in part explain the comparative regularity attainable with 
certain pallet and anchor escapements provided with a flexible 
suspension of silk or metal and light pendulum oscillating 
through a long arc ; but it is manifest that wo cannot regard a 
blade that is strained beyond reasonable limits as an element 
of regularity in the going. 

Whatever amount of care be exercised in selecting the 
metal and in making the two suspension springs, wo can never 
be absolutely certain that they are identical; the want of 
homogeneity in the metal, the hammering, rolling and harden- 
ing will prevent it. The watchmaker that copies with the 
most minute accuracy a suspension employed by a maker of 
repute will in all probability only be disappointed unless he 
makes a prolonged seiies of experiments with it himself, so as 
to ascertain that the strength and flexibility are suitably pro- 
portioned to the rest of the escapement ; this will become 
evident from the rating of the clock. 

A metallic blade after it has been worked is generally 
under molecular constraint, and it must continue in action for 
some time at different temperatures and supporting the weight 
of the pendulum in order that it may arrive at its permanent 

45 
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molecular condition. Some blades in consequence of the bad 
quality of steel, rough working which has altered the arrange- 
ment of the molecules, or bad action of the blades themselves, 
will never assume this condition. The making of a susjwnsion 
for a regulator clock will require all the care and attention of 
which a watchmaker is capable. The adjustment of the two 
blades in the brass ends by which they are gi’ippcd should be 
perfect, so that they arc not strained and hang true ; for other- 
wise the one will act in opposition to the other, and the axis of 
flexure will bo a broken line higher in one blade than in the 
other. The same will be the case if the springs arc of unequal 
strength, or not hardened and tempered alike, etc., and a badly 
hung pendulum will be subject to an oscillatory movement that 
takes it out of the plane of oscillation and is very detrimental. 
The axis of rotation of the anchor and the axis of flcxm*e of the 
suspension sjiring should be in a line. 

Some makers replace steel springs by blades of alloyed 
gold, prepared in the same manner as gold balance-springs. 

Isoclironism of llic oscillations of tlie pendulum secured by spring suspension. 

1300 .— In a memoir written by P. Lo Roy we read: 
“ This novel observation (concerning the isoclironism of 
springs) may be of great assistance in the adjustment of 
pendulums, whether small or beating seconds, when the jien- 
dulum is supported by a spring; for, in fact, wo see that 
there must be one length of the spring which may make all 
the oscillations isochronal.” 

Ferdinand Berthoud, more than twenty years later, appro- 
priating the idea of Lo Roy, says : “A well made spring sus- 
pension tends to render the oscillations of the pendulum 
isochronal.” Nowhere does he record that experiments have 
been attempted to verify this statement. 

More recently these experiments have been made jointly 
by MM. Laugier and Winnorl, and they are described in a 
memoir presented to the Academy of Sciences in 1845. 

By employing springs from 1 to 3 mm. long, 5 mm. wide, 
and 0’24 mm. thick, and adjusting the weight of bob to each 
length of spring, these observers obtained, with a free pendu- 
lum, not merely oscillations ranging from 1 to 5 degrees that 
were isochronal, but the long arcs were actually more rapid 
than the shox-t arcs. 
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Some skilled makers have seemed to fear the great resist- 
ance of the springs, which have to bo very short, as well as the 
molecular change tliat will take place in a spring that is short, 
thick and, therefore, less elastic. 

M. Winnerl replies to these objections by referring to one of 
his pendulums with isoclironal suspension that has gone for eight 
years without renewal of the oil. The weight of the pendulum 
was about 7'9 kilogr. (17'4 lbs.) and the di’iving weight only 
1T8 kilogr. (2'G lbs.). 

The authors of the memoir do not consider that there is any 
advantage in employing the isochronal suspension with the 
anchor escapement. They confine its use to detached escape- 
ments, fearing that the perpetual contact of a tooth against the 
anchor will constrain the pendulum in its movement, and that 
the effects of this variable friction, which at the same time 
modifies both the amplitude and period of the oscillation, cannot 
be corrected by the isochronal spring suspension whose effect 
must necessarily bo constant. 

EXPERIMENTS 

ON THE WEICnr AND XENGTH OF PENDULUMS, THE EESISTANCE OF THE AIE, AND 
TnE MOTIVE rOECE AB80BBED IN THEIli MOVEMENT. 

(FroBi a work published by M. Wagner.) 

1301 . — The articles relating to the pendulum were in the 
press when a small work issued by M. Wagner at the Exhibi- 
tion of 1807 came under our notice ; in it he describes the scries 
of experiments he has made on detached pendulums and the 
conclusions that he has drawn from them. 

We shall briefly summarize the principal portion of this 
work without discussing it or expressing any opinion, and for the 
author’s explanations must refer the reader to the original work. 

“ The resistance opposed by the air to the movement of a 
pendulum is generally pn^portional to its surface and to the 
space through which it moves. With pendulums of the same 
length and weight, the resistance of the air is proportional to 
the square roots of their surface. The sphere (as compared with 
the lenticular form, etc.) is the best possible shape, since it con- 
tains the greatest amount of matter within a given enveloping 
surface.” The author then concludes that the air offers a 
minimum resistance to round bobs ( 1385 ). 

“ With pendulums of the same length and surface and equal 
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amplitude of oscillation the amount of the motive force absorbed 
in each oscillation remains precisely the same whether the pen- 
dulums weigh 1, 2, 3, 4, 8, or 10 kilogr.” (1293). 

“ The going of a clock is rendered inoi*c regular by increas- 
ing the weight of the pendulum, and the force required to main- 
tain the movement is independent of this weight ; hence it is 
evident that heavy pendulums should be preferred to light 
ones.” The author makes no reservation as regards excess of 
weight except that “it must be proportioned to the spring, 
knife-edge, or pivots that have to support the pendulum.” It is 
important to keep in mind the fact that his pendulums always 
oscillate through the same arc (12SS and end of 1386). 

“ The suspension offers a resistance to the movement that 
increases with the weight of the pendulum.” The author con- 
siders that this increase in the resistance is proportional to the 
weight, in other words to the tension of the suspension spring. 

“ My experiments show that the length of a pendulum 
should be something between 0-25 metre and 1‘50 metres” 
(1395). 

“ These experiments lead to this remarkable conclusion ; 
that, whatever be the amplitude of oscillation, the force absorbed 
by the friction of the escapement during each oscillation is 
always strictly proportional to the energy possessed by tho 
pendulum in virtue of its movement.” 

“ The force absorbed by friction is in proportion to tho arc 
traversed.” 

We pass over the portion of tho memoir that treats of tho 
weight of annular balances, their losing rate in extreme tempe- 
ratures, etc. It is obvious that the author, who is very skilful 
in his speciality, turret clocks, has never jiractically studied the 
chronometer and is unacquainted with tho work of horologists 
of tho present century. 

CONSTEUCTION OF COMPENSATION PENDULUMS. 

1303» — Compensation pendulums with 9, 5, and 3 rods 
and various other arrangements more or less resembling that 
discussed in paragraph 1370 will be found described in most 
horological worlcs, for example Reid’s dock and Watchmaking. 
To this we refer the reader, only observing that by means of 
tables of dilatation, etc., it is easy to calculate the approximate 
dimensions so as to plan the general disposition of any given 
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pendulum; it is especially necessary that the surfaces subjected 
to pressure bo sufficiently large without needlessly increasing 
the thickness of the rods, which, if thick, take too long to bo 
affected by changes of temperature, and if thin are acted oo 
promptly but bend or distort at the surfaces of contact. 

It is important to employ metals that are thoroughly homo- 
geneous and whose force of contraction and dilatation have 
been accurately determined ( 1361 ). 

It also would be well to know whether the regulator, when 
permanently located, will be subjected to appreciable differences 
•of temperature throughout its height, due to the mode of warm- 
ing or exposure to the sun, as in that case it would not be a 
matter of indifference whether the gridiron or mercury pendu- 
lum is adopted. 

The details given in the articles on compensation, etc. 
^page 682), will render further explanation unnecessary. 

— Mercury Pendulum . — The earlier mercury pendu- 
lums never had more than one vessel to contain this metal, but 
they are now sometimes made with the mercury distributed be- 
tween two or more parallel tubes. This arrangement, which is 
due to Duchemin, involves more labour and care in order to 
ensure a perfect adjustment, but it has the advantage of dis- 
placing the centre of gravity of the lic^uid less, and is also more 
rapidly affected by changes of temperature. 

To calculate the proportions of a mercury pendulum . — If we 
assume the centre of oscillation to be coincident with the centre 
•of gravity of the bob (which is very near the truth, since the 
mass of the bob is very great as compared with that of the rod), 
taking L as the length of the rod, and K the coefficient of linear 
.dilatation of the substance of wliich it is made, l k will be the 
expansion for 1° C., in other words the space tlirough wliich the 
oentre of gravity of the mercury is lowered. 

If the mercury occupy a height h of the tube, its dilatation 
will at the same time cause this centre of gravity to ascend 
throuo-h a distance equal to k' I (k' being the apparent coeffi- 
•cient of linear dilatation of the column of mercury deduced 
from the apparent cubical dilatation, gio? given by Dulong 
and Petit). We thus have the equation l k = J k' for deter- 
mining the height ii of mercury column that will secure perfect 

•compensation. 

Assume » r* A to be the volume of the cyhnder of mercury 
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(n- = 3* 14 1 G) ; itvS cubical dilatation for P C. will be h ^ — k',. 

and the above fornnda thus becomes : 

h, ttT- h TT r- h- r- h- 

“ 2 6480" ~ ‘176480 4l25 

The vessel may bo made of cither glass or iron, but glass 
is fragile and a bad conductor. Iron being a good conductor 
makes tlic action of the compensator more prompt. 

Notes completing this article will be found at the end of 
the volume ( 1482 - 3 ) as well as the description of a mercury 
pendulum designed by M. Vissii;re. 

1304 . — Observation. — In consequence of capillarity ( 89 ) the- 
free surface of the mercurial column assumes a form that is more 
or less convex, and some horologists have feared that this would 
be a source of error in the compensation. If the form always 
becomes precisely the same at any given temperature the Varia- 
tions of the degi’ce of convexity will not affect the compensa- 
tion ; but it does not follow that such will be the case if, througli 
impurity in the mercury or the character of the sides of the 
vessel, the effect of capillarity is variable ; in other words if the 
mercury does not always return to the same level at any given 
temperature. We are not aware that anyone has ever, in experi- 
menting on pendulums made by the best makers, succeeded in 
detecting appreciable variations due to different degrees of con- 
vexity on a given change of temperature. 

On the slide adapted to the pendulum hy lluyghens. 

1305 . — The theory of the slide, a small mass of metal that 
can be fixed at varying positions on the pendulum rod, was 
enunciated by Huyghens ; but it is not suitable for insertion 
here and we would only observe that by moving the slide up- 
wards or downwards the distance between the centres of suspen- 
sion and oscillation can be varied when regulating the elock, in 
cases where the error to be corrected is so minute that there 
would bo danger of going too far if wo attempted its correction 
by moving the screw that supports the bob. 

The advantage of the slide consists in the fact that we can 
modify the position of the centre of oscillation by an almost in- 
appreciable amount by moving it through comparatively large 
distances. 

Take the pendulum s o (fig. 72, page 694) and on fitting a 
slide to it at t its oscillations will be more rapid ; on raising 
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small mass to h they will be still quicker. If it be at ,(7, a point 
near the middle of the rod which has to bo determined, the ac- 
celerating effect will bo a maximum. If it be raised through a 
space g i equal to g It, the rate of the clock will be the same as 
if it were at h. Hence, whether it be made to ascend or de- 
scend from the j^oint g, there will be the same retarding effect. 

This action is not proportional to the interval through which 
it is moved. For two equal ascending movements commencing 
at the points t and /q although the acceleration be marked at i 
it will be hardly sensible at h. The effect of a given displace- 
ment is all the greater according as the slide is farther from y, 
so that it is well not to bring the extreme point of its path too 
near to this jioint g. 

The slide is a very useful appendage for completing the 
timing of astronomical clocks, but it can only be of very limited 
use in ordinary clocks where the variation that occurs in twenty- 
four hours is often much more than it can be expected to cor- 
rect. Its effect is completely swallowed up in such a variation. 

Some watchmakers have applied it to ordinary clocks, and 
it failed to give the results they anticipated ; this is in no Avay 
surprising. What is astonishing is the extraordinary conclusion 
that some of them have come to from their want of success, 
when they could actually write that “without doubt Huyghens 
made a mistake ” ! 

The pendulum prolonged above its centre of suspenslon> 

1306 « — If "we prolong a pendulum above the centre about 
which it rotates the oscillations are retarded, an effect that is 
perfectly explicable on theoretical considerations and is all the 
more marked as this prolongation is made heavier. It thus be- 
comes possible to diminish the number of oscillations in a given 
time by extending the pendulum above the centre of rotation 
and fitting a sliding weight to the upper portion. 

M. de Prony proposed to complete the adjustment of the 
pendulum by employing two balls attached to a horizontal bar 
that turns with friction on the upper end of the pendulum 
(fig. 73, page 700). 

It will bo evident from the figure (at ar and x) that the two 
weights will act together and with equal force, as though there 
were only one ball of twice the weight on the pendulum rod, 
when they are set in the plane perpendicular to the plane of 
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oscillation {x\ whereas if the bar is set at right angles to this 
position or in the plane of oscillation as at s, its action as a whole 
will vary in intensity according to the positions occuiiicd by the 
balls, and the two will tend to modify the period in a similar 
manner ; the effect on the pendulum will be very different in 
these two extreme positions and will gradually increase as the 
bar is moved from the first to the second. 

The prolongation of a pendulum above its point of support 
enables us to cause it to beat a less number of oscillations in a 
given time, so that they may be as slow as required ; but it is 
then necessary to make the sliding weight very heavy or else 
the prolongation considerable, either of which will introduce 
inconveniences in the suspension and compensation and in the 
details of construction ; it is moreover nothing but a step towards 
converting the pendulum into an annular balance, and it will 
gradually come to resemble this latter in being sensitive to 
variations in the motive force. 

This device cannot be employed in high-class horology (at 
least not as a reliable regulator), but Maelzel made a very in- 
teresting application of it in the metronome, an instrument for 
beating the time of music. 


THE ANNULAR BALANCE. 

Historical notice. 

1307.— The first balance employed was termed a folliov 
(shown on page 55) and carried two small suspended weights or 
rcgules which could be moved to or from its centre according as 
it was required to accelerate or retard the movement of the 
clock. The folliot employed in watches consisted of a metallic 
rod terminating at either end in a heavy mass, the whole being 
formed out of a single piece of metal. In some old clocks the 
angular path of the folliot was limited by two pins, the position of 
which could be varied, and it was by bringing them more or loss 
together that the acceleration or retardation was effected ; but 
in the great majority of the old watches we have examined there 
is a small annular balance acting precisely like that of a verge 
watch when the balance-spring has been removed. 

Since a balance contracts in the cold and expands in heat 
its oscillations will become more rapid on a fall of temperature 
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and vice versa. In order to counteract this source o£ error as 
well as others duo to the balance-spring, etc., Harrison sug- 
gested the use of a bi-metallic strip that altered the acting 
length of this spring when the temperature varied. 

The method was condemned by P. Le Hoy as involving a 
denial of the principle of isochronism, and it was then that this 
ingenious man laid down the principles of the compensating 
balance employed at the present day. On examining his work 
and the figures that illustrate it wo find three arrangements : 

( 1) An ordinary annular balance with two heavy masses 
moving to or from the centre on a change of temperature 
through the action of bi-metallic arcs attached to the plain rim 
of the balance. 

(2) A balance with bi-metallic divided rim similar to those 
in use at the present day but having four arms and weights. 

(3) Lastly, a balance with a plain uncut rim of a single 
metal, but carrying two small thermometers on opposite sides, 
which effected the compensation by the dilatation of the mer- 
cury. This balance was moreover provided with two timing 
screws as in the modern chronometer. 

T*. Le Roy when he made his two chronometers adopted the 
last arrangement, which is very easy of construction, and gives, 
without any contacts or pressures on the acting parts, a recti- 
lineal movement of the compensating masses ; whereas the two 
■others, especially when we consider the large dimensions of the 
balances, presented serious difficulties of construction.* 

Le Roy’s chronometer was exhibited to the king and to the 
Academy of Sciences in 17GG, and the memoir describing it Avas 
also transmitted to the Academy in the same year. It was pub- 
lished in 1770. 

Two years later J. Arnold made chronometers with compen- 
sation balances in accordance with Le Roy’s principles, having a 
cut bi-metallic rim with compensating weights and timing screws. 

The earlier compensation balances were very difficult of 
construction as they were formed of two metallic blades which 

* P. Le Poy gave the impulse to the balance at its circumference, a plan that 
has been unfavourably criticized. Before the impulse near the centre could be 
thought of it was essential that experience should demonstrate the fact that the bal- 
.ances of chronometers could be reduced to the dimensions then adopted for largo 
watches, and this was contrary to the opinion of men of science and watchmakers of 
dhat day. They insisted on the superiority of large balances. The mistakes committed 
p. Le Poy, which are rare, are due to the condition of science at his time and more 
especially to the want of experimental data. Chronometry was then in its infancy. 
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were adjusted to fit each other and then fastened together by 
innumerable minute rivets. Many that are to be seen in chron- 
ometers by L. Eertlioud and A. Breguet are perfect models of 
workmanship, and they are not surpassed in beauty and perfect- 
ness by any mechanism of more recent date. At the present 
day one metal is melted on to the other. 

TDEOKETICAL COXSIOEBATIONS AKD DEFINITIONS. 

Moment of inertia*— Itegulatiiiji; power of balances* 

1308 . — Tlie moment of inertia of a balance or of any body 
whatever rotating on an axis is the sum of the products of each 
infinitesimal portion into the square of the distance of that por- 
tion from the axis ( 40 ). 

It amounts to the same thing as if wo consider each particle 
to be performing an independent movement at the extremity of 
its own radius ; but, since all the molecules arc rigidly connected 
together, the greatest force will bo exerted at tlie extremity of 
a radius of such a length that the action of the molecules that 
lie beyond its extremity is equal to that of those that fall within 
it. At this point the action will be the same as though the 
entire mass were concentrated at it. 

Through this point passes the circumference of gyration of the 
balance, and the line joining it with the centre of rotation is 
termed the radius of gyration ; in other words it measures the 
virtual size of the balance. The diameter of gyration of an an- 
nular balance is analogous to the simple pendulum corresponding 
to a given compound pendulum; it is in fact a mean diameter. 

1309 . — The moment of inertia is a measure of the resist- 
ance that the balance can oppose to causes that would modify 
its movement, and, with a given mass, its value increases or 
diminishes according as we move the mass from or to the centre 
of rotation. 

The regulating potver of a balance then is not measured by 
its external dimensions or total weight, but depends mainly 
(according to the most generally accepted opinion): 

(1) On the amount of its moment of inertia.* 

♦ It would then be an error to take the momentum of the balance as a measure* 
of its regulating power, for to disturb or arrest its movement it is essential that we 
partially or entirely neutralize its vis viva and this is represented by the product of 
mass into the square of the velocity. 
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(2) On the manner in which its form renders it insensible 
to external influences, friction, &c. 

1310. — a given mass or tocigJd, the moment of inertia is 
proportional to the square of the diameter or radius of gyration^ and 
these radii arc inverselg proportional to the number of oscillations in 
a given time ; that is to say the accelerating or retarding effect 
produced by bringing the mass towards or from the centre of 
rotation varies Avith the square of the distance between this cen- 
tre and the centre of the mass, or, in other words, varies in- 
versely Avith the number of vibrations. 

1311. — With a given radius of gyration the moment of inertia 
is proportional to the mass or weight. 

The squares of the numbers of vibrations in a given time varg 
inversely tvith the moments of inertia. 

Hence it follows that with a given radius the masses are in- 
versely projwrtional to the squares of the numbers of vibrations ; or, 
in other Avords, inversely as the squares of the times indicated by ther 
hands. 

1313. — These considerations prove that we can have no 
exact knoAvledgc in relation to the regulating poAver of a balance 
so long as wo oidy regard its external dimcnsioiAS. This is 
why the discussions as to the relative advantages of largo and 
small balances in watches, that are so frequent among Avatch- 
makers, never have and never can rosiAlt in any real good. 

1313. — Observation . — The Avord “velocity” which is so 
frequently employed may give rise to confusion unless the two 
kinds are clearly distinguished. 

(1) — Angular velocity is the angle through which an arm 
turning on an axis is displaced in a unit of time. It is entirely 
independent of the length of this arm. Tlie approximate ratio 
of the angular A^olocities of the balances with the cylinder and 
(pocket) cluonometcr escapements in the same unit of time 

Wo have elsewhere (001) observed that in practice we approximately estimate 
the power of a balance at the moment of unlocking the escapement by its momentum.. 
This mode of obtaining an approximate value is not opposed to what precedes, as 
will be seen when it is remembered that, at the instant under consideration, the bal- 
ance and balance-spring are moving together with a previously acquired velocity, and 
it results from the experiments already described that a considerable amount of energy 
is wasted through the impact and elastic reaction. The unlocking only occupies a 
minute portion of the entire movement of the balance, which is, during almost the 
entire vibration, either under the influence of the balance-spring or being accelerated- 
in consequence of the lifting action. 

A complete solution of this question could only be arrived at by the employment 
of mathematics of an advanced description and by making further experiments (1388).^ 



710 


BALANCE. — EADIUS OF GYRATION. 


(one-fifth second when there are 18,000 vibrations per hour) is 
about 270® : 300°. 

(2) — The velocity properly so called is the space traversed 
in a unit of time by the point under consideration (which in 
this case is taken on the circumference of gyration). For a 
given angular movement we obtain the a 2 )proximatc ratio of the 
velocities by multiplying each radius by the number of A'ibra- 
tions in a unit of time. 

To determine the radius of Kyratiou and moment of inertia 

of a balauee. 

] 314 < — Since the size of a balance, that is the only size 
that can be taken as a basis of calculation, is represented by 
twice the radius of gyration, and since we know that the 
regulating power depends on the moment of inertia, and that, 
with a given mass, the moment of inertia varies as the square 
of the radius of gyration, it follows that we must of necessity 
commence by ascertaining this radius of gyration of the 
balance. The exact calculation is very difficult ; but a sufficient 
approximation can be obtained by the following methods for 
all ordinary purposes. 

In the chronometer balance, which is loaded with heavy 
masses at the circumference, the centre of gyration is a trifle 
nearer the centre of figure than the centres of these round 
weights ; and, to approximately ascertain the moment of 
inertia, we take the distance between the axis and the middle 
point of the rim (or, with prismatic compensation weights that 
are very wide at their outer edge, measure from the external 
surface of the rim) as the radius of gyration, and obtain the 
moment of inertia from the following formula : 

p X 

A «= — — ' • 

9 

A is the moment of inertia, p the weight of balance, r the 
radius of gyration, and g the value of gravity (48 and 136 ) 
which may be replaced by the number 9.80896 (on the metric 
system, or 32.2 in English measure). 

That is to say, multiply the radius by itself and the 
product by the weight of balance. This product is divided by 
9.80896 ; and the result so obtained is the moment of inertia of 

■ihn bfilnTif*f> 
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J^mploying this number to represent the value of gravity, 
the weight p should be given in grammes and the radius r in 
metres. 

— If we proceed in a similar manner in the case of 
watch balances, where the metal is very unequally distributed 
in the rim, the results will bo too far from the truth to serve 
any useful ])urpose. 

The following method is applicable to all cases. Take a 
balance exactly like the one under consideration as regards 
weight and dimensions, and separate the arms from the rim by 
cutting through their extremities. Then weigh separately and 
with great care the rim and the three arms, which are still 
united at their centre, and the radius of gyration will be 
given by the formula ; 


K = 




ir -f- 




in Avhichp + p ■-= P. We neglect the weight of the small disc 
at the centre of the balance, k is the radius of gyration, — r 
the total weight minus that of the centre disc , — p the weight of 
rim , — p that of the three arms taken together, — ii the external 
radius of the rim, — li' its internal radius. 


Practical Applications. 


— A balance beats a certain number of vibrations in a 
given time; how much must its weight be increased or diminished in 
order that it mag lose or gain a given amount in that period'? 

First Example . — Consider a balance that loses 5 minutes 
in an hour and weighs three gi'ammes ; avc get the proportion : 
The square of the time indi(!atcd (o-5 minutes in an hour) is to 
the square of the time I'equired (00 minutes), as the unknown 
weight [x) is to the known Aveight (o grammes) ; or 
55" : GO' •. •. X lo, 


that is 3025 : 3G00 


X 


whence x = 


3025 X 3 
3G00 


2-52 


: o, 

gnunmos. 


Thus the weight of the balance must be diminished by 48 
centigrammes. 

Second Example . — Now assume the balance to still weigh 
3 grammes but to cause a gain of 5 minutes, so that It indicates 
65 minutes in an hour. 
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The proportion Avill be 

1)5^ : 60* : : : 3 

whence we obtain .v — 3-52 grammes. 

So that the weight must be increased by 52 centigrammes (the 
milligrammes are neglected). 

halancc (b) malcc a known numher of vibrations, 
find hoto much if will be necessary to increase its diameter {of 
yyration), the weight remaining the same, in order that the new 
balance (i) may make any other given number of vibrations. 

This problem will be solved by the formula ( 1310 ) : 

Radius b : radius x : ; number of vibr. of h : vibr. of b. 

Example . — Lot b have a radius of 10 mm. and make 15,000 
vibrations in an hour ; what should be the radius of b in order 
that it may make 15,500 in the same time ? 

10 ; .f : : 15,500 : 15,000. 

whence 

10 X 15,000 o 
= 1 = y.07. 

15,500 

Thus the now balance b must have a radius of gyration 
equal to 9. 07 if it bo required to perform 500 vibrations more 
than the other in the given time j or it must bo reduced by 
one-third of a millimetre. 

If the weight is the same when the two radii are given aa 
well as the number of vibrations of one, the same propoi’tion 
would be used to determine the other number of vibrations, 
except that x would be replaced by a known radius — and the 
unknown quantity would be the number of vibrations of, say, b. 

1318 > — Observation. — In these several cases wo have only 
considered the changes in the number of vibrations that corre- 
spond to changes in the weight and diameter, and have not 
referred to the increase or decrease in the regulating power. 
But this is a separate question which must be solved by 
comparing the moments of inertia ( 1309 ). 

We would again observe in conclusion, since experience 
has shown that we cannot repeat too often when it is our object 
to put a stop to deep-rooted prejudices and objectionable modes 
of procedure, that it is impossible to reason legitimately on the 
subject of balances unless the radius of gyration is taken as a 
basis of calculation. 
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METHODS THAT HAVE BEEH PROPOSED FOR ASCERTAINilB THE 
SIZE AHD WEiOHT OF A BALAHCE. 

Size of balance. 

1310. — Moinct’s Treatise says very little on this subject 
and what there is is little more than a paraphrase of what Jur- 
gensen had already co 2 )ied from Berthoud : “ The weight and 
diameter of the balance must be proportioned to the motive 
force and the number of vibrations.’’ Having said this they 
proceed to give a number of callij)crs in which balances of 
different dimensions give the same number of vibrations in a 
iriven time, and the two authors arrive at the same conclusion 
as Berthoud but in a somewhat different form : “ There is a 
happy mean which experience has proved to be correct, and by 
copying the dimensions of balances by the best makers that 
liaA’c been shown to have a good rate, we shall have an easy 
and certain guide.” 

13^0. — All objection to these instructions certainly was 
raised by Perron: “If,” he said, “the size of the balance is 
proportioned to the number of vibrations in a given time, we 
should require a balance of the same size in watches whether 
they arc large or small,” and this he declared impracticable. 
This objection of Perron is not of much importance, and yet it 
was tacitly accepted because no one contradicted him. 

has been proposed to take, as a measure of the 
balance, five times the height of the mainspring. ^ 

Two Paris watchmakers have pretended that if a pendulum 
be coiled into a circle it will give a balance beating the same 
number of vibrations. The diameter of the balance will then 
bo rather less than a third the length of the iiendulumj but 
this so-called principle will not bear examination any better 
than the one that precedes. 

1333. — An ingenious watchmaker, M. A. Vallet of Bor- 
deaux, has observed that in a number of chronometers the most 
satisfactory rates were given by those whose balances had a 
diameter, measured across the rim, equal to about two-thirds of 
the sum obtained by adding together the radii of the three 
wheels and of the escape-wheel. This is a useful experi- 
mental datum that is applicable to the calliper ordinarily 

met with. 

^Lastly it is the general practice to accept it as a 

rule (which however certain exceptions do not tend to confirm) 
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that the size of the balance is given by that of the circle covered by 
the motor, which is determined, according to some, by the dia- 
meter of barrel and, according to others, by that of the spring 
when coiled up ; this practice was adopted by A. Breguet and 
the English makers who have adopted a chronometer by Earn- 
shaw as a model. The diameter of the bai*rel cover is a mean 
between the above dimensions and is therefore generally digni- 
fied by being taken as the measure. 

1324. — Some horologists who do not accept tliis as a basis 
of measurement have pointed out that the force which it is im- 
portant to know is that exerted Ijy the cscajie-whecl ; with them, 
then, the motor circle is this wheel, and they make tlic diameter 
of the balance from two to two and a-half times its diameter. 

Observation . — In some of the plans that have been proposed 
useful methods of approximation are to be met with, but it is 
impossible to found a theoretical law and a universally applic- 
able rule on any of them. We thus see that the usual practice 
amounts to nothing more than an imitating of balances that have 
given satisfactory results, and a theoretical starting point is 
absolutely wanting. 

To find the weight of a balance. 

1335. — As regards the determination of the weight of bal- 
ances the ordinary practice amounts to little more than this : 
copy one that has given satisfactory results, increasing or 
diminishing the weight in accordance with the greater or loss 
facility of starting and the differences observable in various 
positions. The motive force in this case is assumed to be pre- 
viously fixed upon, as usually happens with ordinary watches ; 
but in the case of chronometers the question of the weight be- 
comes complicated with that of isochronism, and it is essential 
to feel the best proportion, causing the weight and motive force 
to vary, according as the rate and the ease with which the lift 
commences indicate to be necessary. 

ELEMENTS OFTHETHEORY OFTHE ANNULAR 

BALANCE. 

Preliminary Considerations. 

1336. — It is evident from what precedes that the methods 
ordinarily adopted for determining the proportions of an annular 
balance are founded on no theoretical basis ; the whole practice 
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amounts to tlio examination of such as have been proved satis- 
factory and then copying them, increasing or decreasing the di- 
mensions according to the kind of escaj)emcnt that is being made. 

The subject wo proceed to discuss is then quite new. If 
the solution that we have to offer is not as complete as could 
have been wished, we shall at any rate have put on the track of 
a strict mathematical solution of the problem those of ourfcllow- 
horologists and men of science who have more leisure than we 
have ; and it is to be hoped that some of them will consider 
the satisfaction of rendering a service to horology a sufficient 
encouragement to undertake the work. This is the only recom- 
pense that we have secured after fifteen years of difficult work, 
the results of which were presented at the Exhibition of 18G7. 

1327. — We will begin with a j)ropositioii that docs not 
seem to need demonstration. 

All the movements that are met with in nature are 
governed by laws which collectively constitute the science of 
mechanics in its widest sense. It proves to us that these 
movements cannot take place with increased velocity or pres- 
sure without introducing disturbing elements ; but unfortunately 
many ('f these int('rfcring causes escape our means of observa- 
tion since they have their source in; clastic actions and- 
reactions ; a vibratory movement that is more or less inter- 
mittent; permanent or temporary changes in the molecular 
state ; production of heat ; electric action ; effects of centri- 
fugal force; excessive motive force occasioning excessive 
pressures, etc., etc. 

If we cannot always appreciate these causes we can at any 
rate obtain evidence of their effects : thus if a pendulum be sub- 
jected to such a force that it makes a different number of oscil- 
lations from that which the tables indicate for its virtual length, 
the regularity of the movement will bo disturbed, in other words 
the pendulum will vary in its rate either constantly or at irre- 
gular intervals. 

The same is the case with an annular balance when it varies 
much from certain recognized dimensions. Every watchmaker 
must know that it is, in many cases, only necessary to replace 
the balance of a watch by one that is rather larger or smaller to 
entirely avoid, or at all events diminish, irregularities observed 
in the rate which could not be got rid of by any other means. 
It is said that when watches were formerly made to beat more 

46 
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than 20,000 vibrations in an hour, timing was inipossible. Tlio 
same is the case at the present day if the dimensions differ 
materially from what is generally recognized as the best. 

1338 . — We must leave pure science, which, so far as wo 

are aware, has not considered this subject, to seek for an ex- 
planation of these facts ; it is enough for us to know that they 
are so well established as to afford practical evidence that the 
maximum of regularity in the oscillating movement of a mass de- 
pends on a ratio that has to be determined between the length of 
the and the number of oscillations in a given time. 

Starting with a balance that has been proved to be .satis- 
factory with a given number of vibrations, wo can calculate tin; 
most suitable dimensions of any other balance with any other 
number of vibrations ; and, since the same laws govern the 
movements of a pendulum and balance, we can with certainty 
deduce this curious result, that if we ascertain what length of 
pendulum best satisfies the conditions that govern the annular 
balance, it will amount to determining the law of increase or 
decrease in the balance, and the table of the lengths of simple 
pendulums will constitute a scale by \Yluch it can be measured. 

It seems reasonable to hope that the question thus stated 
might be solved by the higher methods of analysis if undertaken 
by an accomplished mathematician. In the absence of such a 
solution, and since exact figures are not absolutely essential in 
practice, we will content ourselves with adopting the experi- 
mental method to which it is always necessary ultimately to 
have recourse. 

EXPEKI.tIEi\TS 

That hare served to ascertain the relation between the pendulum and the annular 

balance. 

1339 . — If an ordinary clock that is controlled by a pendu- 
lum be carried about, the conditions of the movement of its re- 
gulator will be so far modified that its rating will bo entirely 
destroyed. It would be easy to explain the physical and mathe- 
matical reasons for this, but such an explanation would be 
utterly superfluous as the fact is so well known. 

A study of the causes of this irregularity led us to inquire 
whether it was not possible to construct a clock controlled by a 
pendulum that would be uninfluenced by a movement of trans- 
lation ; and a reply to this inquiry was furnished at once by 
the two following laws : 
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(1) A body without inertia wovld he indifferent to a state of 
rest or motion. 

(2) A moving body resists a change in the direction of its 
motion all the more according as its movement is more rapid. 

It was then only necessary to experiment upon a moving 
pendulum, gradually diminishing on the one hand the resistances 
that opposed an acceleration in its movement (by reducing its 
mass and radius of rotation), and proportionally increasing, on 
the other hand, its velocity or the number of oscillations in a 
given time. 

In the experiments we made, and which we should have 
repeated had wc had time, we were never able to establish, with 
any degree of certainty, an indifference to the movements of 
translation until the pendulums were made very short, more 
especially with those beating 30,000 vibrations per hour and 
upwards. 

This result furnishes us with a measure of the inertia and 
the velocity that a mass, oscillating at the extremity of an arm, 
sliould possess in order that it may not bo sensibly affected by 
movcm<^nts of translation. Having arrived at this point, the 
simple pendulum becomes a standard from which wc can 
deduce all the diameters of gyration of the annular balances 
employed in watches and chronometers. 

Tlic pendulum that determines the size of a halnnee. 

1330.— Let us consider the simple penduluni that gives 
29,343 oscillations in an hour, remembering that this figure is 
only exact when the oscillations are very small. ^ As soon as 
the arc becomes more extended, the oscillations will occupy a 
longer period. Hence there would be gradually increasing loss 
on the rate as the amplitude of the arc becomes greater. Assume 

the arc to measure 270°. ^ ^ _ 

From a formula given by Poisson in his Traila de Mccamque 
we calculate that in the case under consideration the loss on the 
rate would be 44,000 seconds in 24 hours or 86,400 seconds ; 
in other words, a loss that will make the actual number of 
vibrations in an hour, compared with the number given in the 
table as 424 • 864. Hence this short pendulum measuring 14-8 
millimetres would in reality only beat 14,400 vibrations in an 

1331. This small pendulum will bo very insensible to 

variations in the motive force on condition that it is retained in 
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a vertical position. If we desire to make it capable of also^ 
withstanding any changes of position whatever, its rod must 
he prolonged as far above the point of suspension as it extends 
below, and the pendulum bob must bo divided equally between 
the two extremities. If, when in this condition, an elastic 
force act at its axis in such a manner as to bring it back to the 
position from which the motive force has impelled it, just as 
gravity itself does, we shall have secured the balance which, for 
a certain number of vibrations, affords us most certainty in the 
timing, since it possesses in a higher degree than any other the 
inertia and velocity that arc known to be best capable of 
counteracting the irregularities in the rate caused by move- 
ments of translation; and further, we have in the balance- 
spring a power that can, within certain limits, be modified as 
required. 

Theoretical sizes of balances. 

133S« — From these experiments we conclude that ; For a 
given amplitude and period of oscillation, the radius of gyration 
of an annular balance is the same as the length of the simple 
pendulum that beats the same number and oscillates through an 
equal arc. 

The following table is calculated on this basis, taking a 
mean arc of 270”. 

PENDULUM. B.\LANCE. 


LENGTH. 

OSCILLATIONS 

PER HOUR. 

DIAMETER. 

VIBRATIONS 

PER SECOND. 

mm. 

28i).0 

3,000 

mra. 

478.0 

1 

OO.O 

7,200 

120.0 

t) 


J 0,800 

53.0 

3 

14.8 

14,400 

29.0 

4 

9.C 

18,000 

19.2 

5 

6.G 

21,000 

13.2 

G 

The proportions observed in 

marine 

and pocket cliron 


ometers that have secured good rates, which will be subsequently 
given, will afford evidence that this is the true rule, the 
theoretical starting point for determining the diameters of 
annular balances; and this is the sole element that was 
wanting, for the weight is known since it depends on the 
motive force that impels the escapement. 

. 1333 « — ^It is important to remark that this table gives the 
diameter of gyration of a balance that is not subjected to 
any resistance tending to check its movement ; the diameter is 
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a maximum. Just as the length of a simple pendulum must be 
reduced when it is replaced by a material pendulum mounted 
on pivots, owing to its being under a retarding influence, it 
will be evident that, in practice, the theoretical diameter of a 
balance must be reduced to correspond with the retarding 
forces, which arc greater with one escapement than another. 

These causes are: 

(1) Friction of the pivots. 

(2) Lifting action more or less disturbing the movement. 

(3) Friction on rcstingfaces that are concentric with the axis. 

(4) Lateral pressure of the pivots due to the cxccntric 
.action of the balance-spring. 

(5) Resistance of the air and of unlocking. 

1334 . —] B''or a definite nmnber of vibrations (say 18,000 for 
example) : 

The chronometer escapement has only a lifting action at 
■every two vibrations, and its pivots are usually made very fine, 
while its balance-spring dcvclopcs concentrically; hence the 
diameter of gyration of its balance is very little less than the 
theoretical diameter. 

As compared with the preceding, the lever escapement has 
heavier pivots, one lift at each vibration, etc., so that the causes 
of loss are more marked and the actual diameter should be still 
further reduced. 

Lastly the cylinder escapement, regarding the mass of its 
balance, has very large pivots, a considerable and continuous 
friction on the axis, and a short balance-spring which materially 
increases the lateral pressure of the pivots ; the movement of the 
balance will then be much impeded and in order that it may 
have the requisite liveliness, the radius of gyration must be re- 
duced from what theory indicates in proportion to the reduction 
in the number of vibrations, a diminution that is caused by 
these resistances. 

1335 . — It has been seen that the regularity of movement 
■of the balance will be modified in a certain definite proportion 
to correspond with these resistances and will be especially in- 
fluenced by their variability. It is for this reason that the 
•cylinder escapement cannot be timed as accurately as a chron- 
ometer, and the chances of uniformity in the rate will become 
greater as we diminish the resistances and thus approximate 
more and more to the theoretical radius. 
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EXPERIMENTAL DATA. 

1336 « — In the case of the greater number of pocket chron- 
ometers beating 18,000 vibrations that were characterized by 
excellent rates, so far as we have been able to determine their- 
dimensions, the radius of gyration was about 9’3 millimetres. 
The deviation from the above table (0'3 mm.) gives an approxi- 
mate measure of the retarding influences. This difference would 
have been greater because the arc of vibration exceeded 270®, 
but the excess was counteracted by the isochronism of the 
balance-spring. 

The balances in some lever watches of J. Jurgensen with 
18,000 vibrations, the uniformity of whoso rate has not been 
surpassed, had a radius of gjTation of about 8'7 mm. The 
difference due to the retarding influences was then about 1 nim.. 
or rather less. 

Lastly there are excellent cylinder watches in which the 
radius of cylinder is to radius of gyration of the balance : : 1 
: 15, the radius of gyration being about 7 ram. The differ- 
ence due to retarding influences is about 2*5 mm. 

By repeating several times over our first experiments, 
taking every possible care, it would be possible, after having 
corrected and repeated them, to deduce the elements of a 
formula for calculating the most suitable mean balance for any 
given escapement ; but it would not be much use unless wc 
possessed sufficiently exact information as to the amount of the- 
friction in escapements, of which we arc at present ignorant. 
The figures given by Berthoud and Romilly* arc often at 
variance not only with the laws of friction as given in treatises- 
on physics but also with experience. 

1337 * — Abstruse researches in horology are so little 
encouraged at the present day, when the re-inventors of old- 
fashioned toys are almost the only ones that are permitted to 
attract attention, that it is very doubtful whether the delicate 
and difficult experiments which this subject involves will be 
again taken in hand. Only one horologist of our acquaintance 
has had the courage to undertake them, and he had the Icnow- 
ledge necessary to bring them to a successful issue ; but, wearied 

* This horologist was born at Geneva in 1714, and died in 1796. He published' 
some interesting articles in the EncyclopMie, and acquired a high reputation in. 
Paris, where he passed the greater part of his life. He advocated watches that went 
for eight days without winding, but was not very successful with them. 
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by the indifference of others, and the absence of all assistance 
from watchmakers that possessed fortune or reputation, as well 
as from men of science, he gave them up ; and this is greatly to 
bo regretted for our art. 

Owing to the pressure of other business wo have ourselves 
also been compelled to give up the study of the subject, but as 
others, more fortunate than we have been, may be induced to 
complete wliat wc have commenced, we would request that after 
having repeated the experiments already referred to with the 
utmost possible care, they will make the following observations. 

Experiments tliat remain to be made. 

133S. — Carefully construct a chronometer balance with a 
plain metallic rim and the theoretical radius of gyration, and 
fit to it two staffs that are absolutely identical except that the 
pivots of one are very conical and carefully hardened at their 
extremities. Fix the balance to the first staff, attaching to it a 
balance-spring with a theoretical terminal curve taken from a 
chronometer whose balance is of the same weight and dimen- 
sions as the one under experiment, making, say, 14,400 vibra- 
tions per hour. Then mount the experimental balance verti- 
cally between two very hard jewels, in which very shallow holes 
are marked. If well poised the balance will oscillate for a long 
time, as the resistance due to friction is reduced to a minimum. 

Count several times over the number of vibrations in a 
given time. 

Substitute the second staff for the first and mount the bal- 
ance precisely as it would bo in a chronometer. 

Count the number of vibrations, first in a vertical and then 
in a horizontal position. 

The loss will give a measure of the friction and will indi- 
cate the amount by which the radius of gyration should be 
reduced on account of the friction of the pivots. 

1339 . — These preliminary experiments should be supple- 
mented by the following : 

At the surface of the staff (whoso diameter boars a known 
ratio to the diameter of gyration) apply a friction analogous to 
that of the escape-wheel, and, after having determined the loss 
so produced, repeat the experiment, using two or more discs of 
gradually increasing diameters adjusted on the axes, observing 
the successive retardations. Such determinations will afford a 
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first approximation in fixing tlie radii of gyration of the balances 
of frictional rest escapements. 

Different impelling forces should also he applied. 

If in these various experiments the movement of the 
balance could be maintained by the agency of a very uniform 
motive force, and at the same time indicate hours, minutes 
and seconds, a gi'cater degree of accuracy could he attained, 
because they could occupy a longer period ; then the tempera- 
ture should he maintained invariable during their performance. 

We shall not consider this subject further ; if fully treated 
it would load the way to the acquisition of much new informa- 
tion in the horological art. 

wcicinr OP tbb baiaxce. 

Its relation to motive force.— Its distribution througbout 

the different parts. 

1340. — ^With a given radius of gyration, the weight should 
increase with the impelling force, that is with the portion of it 
which is directly available for the movement of the balance. 
We must, then, deduct from the entire motive force the portion 
that is lost by resolution. 

This will be made clearer by an example : Consider a cylinder 
escapement with curved inclines of slight elevation; if th(5 force of 
the motor is doubled we shall considerably increase the energy of 
the drop without doubling the energy of the impulse ; so that, if 
the weight of the balance were doubled, the angular movement 
would not be in proportion to the increase in the motive force. 

1341. — In any watch considered by itself, with all the 
depths remaining unchanged, we may take as a starting point 
the impulse obtained from any particular mainspring in order 
to find the proportion between the weight of balance and the 
impelling force, but this is not permissible when different 
watches are compared, because the precise amount of energj 
absorbed in the train varies from one watch to another, especi- 
ally if the callipers differ. Hence we cannot regard as exact 
the table of sizes and weights of balances that C. Frodsham 
deduced from the cubical capacities of the barrels ; it can only 
afford approximations that are more or less subject to error. 

An example will make this point clearer ; we are indebted 
for it to M. C. E. Jacot, a clever Swiss watchmaker. 

He resolved to devote very special care to securing the 
best possible proportions for his depths, prepared elaborate 
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tables for this purpose, and he was then able to aetect a marked 
increase in the force acting on the balance in watches of the 
same external dimensions and made by the same manufacturers 
of movements ; the mainsprings employed by other makers were 
generally too strong for watches of his own construction. 

The workmanship in the factories of the town of Geneva 
is usually more careful than elsewhere ; and thus their balances 
are for the most part slightly heavier in comparison. 

1343 . — The best distribution of the total weight of a bal- 
ance between its several parts can only be determined upon 
experimentally, because the rigidity of the arms, which should 
not be thicker than is absolutely necessary, depends on the 
metal employed. With a view to ascertain what should be 
aimed at, we have taken the dimensions of a large number of 
balances, especially of those belonging to watches with good 
rates. Wo then cut them to pieces and weighed separately the 
rim, the arms and the central disc. 

This operation, which led us to jjrepare a table of the mean 
sizes and weights of balances in actual use, gave the following 
result which, we think, has a certain importance for horology : 

The best proportion to adopt between the weights of the 
several parts of the balance is as follows : 

Ten-twelfths of the weight in the rim. 

Two-twelfths „ „ arms and centre ( 354 ). 

Observation . — The subdivision of the total weight as here 
indicated is deduced from an examination of a number of watches 
with good rates ; it is a limit fixed by the rigidity of the metal 
of which the arms are formed, usually brass. In compensating 
balances, the steel arms can be made to carry a relatively greater 
weight. Thus in a chronometer balance having a total weight 
of 4-2 grammes, the arms and centre can be reduced to a weight 
of 0-5 gramme. The rim and compensating weights will then 
have ten-and-a-half-tvrcHths of the entire weight. Or the pro- 
portion will bo: 

In the rim ... ... ... 21 

In the arms and centre ... 3 

Total ... 24 

Even using those arms the weight of the rim might be in- 
creased, but it is important to avoid all risk of vibration through 
the centrifugal action of the weights ; for this would mtroduce 
a source of irregularity very difficult of detection. 
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BXPEUJIE.\TAI. UATA. 

Tables of tlie Avci.^hts and sizes of balances In general use. 

1343. — We have taken from a number of ■u’ell-mado 
watches of average size the weights and diameters of the bal- 
ances that gave rates sufficiently uniform for ordinary purposes, 
and have thus compiled the following 

TABLE OF THE WEIGHTS 
AND MEAN SIZES OF OEDINARY BRASS BALANCES 

EMPLOYED IX MODEBX 'WATCnES. 


Diameter. 

Difference 
between successive 
Diameters. 

Weight. 

Mean difference 
between successive 
Weights. 

U 

millimetres 


1 

10 centiCTamme.^ 





1 

millimetre 


1 

2 

cciitigrammef^ 

15 




21 




1C 

.*> 

1 

yy 

21 



yy 

17 

i 

:p 

1 

yy 

28 

yy 

A 

‘X 

yy 

18 


1 

yy 


yy 

5 

yy 

10 

:>y 

1 


30 

yy 

G 

yy 

20 


1 

yy 

4G 

yy 

7 

yy 

21 

yy 

1 

yy 

54 

yy 

8 

yy 

22 

V 

1 

yy 

63 

yy 

0 

yy 


Important Observations. 

1344. — It will be seen from this table that the motive 
force increases regularly (in proportion to the weight) but at a 
much more rapid rate than the diameter ; whence it follows 
that, assuming everything to remain proportional, if we take 
the barrel cover as a basis of measurement the force will be 
deficient in the larger sized watches and it will be found neces- 
sary to replace the balance by one that is lighter. We thus 
have further evidence that the barrel cannot be taken as a 
moasm’o of the balance. 

We had hoped to give details as to the strength of main- 
springs, but the information we have obtained from a number 
of fellow-workers to whom wo applied has been so incomplete 
and often contradictory, that it was impossible to confirm or 
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control the results of calculation by a sufficient number of experi- 
mental (lata. 

By taking as a starting point a watch that is known to 
have had a satisfactory rate for some time past, with a balance 
beating 18,000 vibrations per hour, and strictly comparable 
with one of tliose given in the table, any watchmaker can 
calculate for himself the strength of mainspring that would be 
required with any other size of balance ; by this means he will 
secure an approximation that will be excellent as a guide. 

Or ho can commence with a comparison watch such as 
the one whose dimensions are given in paragraph 441 . 

In all the balances enumerated in the above table the total 
weight Avas distributed in accordance with the conditions laid 
down in article 134'i. 

1345 . — The manufacturer should bring himself to see 
clearly that he will never be anything more than a very average 
copyist unless he is competent to determine for himself the 
relation betAveen the Aveight of a balance and the motive force 
that is designed to maintain its movement; for he must not 
forget the considerations wo have already urged, namely that 
the motive force cannot be accurately represented by the 
strength of the mainspring, because, besides there being sources 
of error in the mechanism by which it is transmitted, the 
energy of the impulse that maintains the movement of the 
balance A'aries according to the manner in which the force that 
is transmitted by tlio lever or radius of the escape-wheel is 
resolved, as Avell as with the period occupied by the lift. It is, 
then, important not to leave out of account any one of these 
considerations in determining the Avcight of a balance that is to 
serve as a pattern for a particular calliper of watch. 

1340 . — As compensation balances are not used except in 
rather largf watches, their weight is necessarily greater than 
those given in our table, but they are ahvays proportioned to 
the increase of motive force. Hence the table Avill serve as a 
guide for them. 

A clever watchmaker, M. Martens, has published in 
Germany some tables of the sizes and weights of balances ; 
they only in part accord with omr oAvn determinations and 
appear to apply to movements made at Chaux-de-Fonds, or its 
district. Of these we give a selection in the folio-wing table ; 
they may prove of service in furnishing a first approximation. 
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SIZES AND WEIGHTS OF CHRONOMETER BALANCES 
1347. TAKEN FROM TIMEKEEPERS THAT POSSESSED GOOD RATES. 


LARGE POCKET CHRONOMETERS, CHRONOGRAPHS. 


MAKEU. 

1 

Weights ill j 
gran lilies in- , 
eluding \ 

coiniwusating > 
weights. j 

Diameter of 
rim in 
lililUuu'tres. 

Vihrations 

]H'r 

Second. 

1 

UEMAr.ns. j 

1 

1 

Jurjjensen, TJ... 

1 

unknown 

IS.O 

5 

j 

Subsequently inersd. bis bal. ) 

Breguet 

1.9 grm. 

18.7 

5 

Employed various proportns. ! 

Gannery 

2.0 „ 

21.0 

h i 

Had excellent rates. 1 

Jacob 

2.0 „ 

19.0 

5 1 

Ditto. 

Cope 

unknown 

18.0 

5 i 

1 

French 

do. 

19.0 

5 1 


Dumas 

2.0 grm. 

21.0 

5 



Had excellent rates. 

Do 



i 



MARINE CII 

‘ 

RONOMETERS. 

Berthoud, L. ... 

S.5 

27.0 

5 

Prismatic weights. 

Do 

4.5 

27.0 

4 

Weights projecting outwrds. 

Parkinson ( 

unknown 

25.5 

4 

Provided with extrul. screws. 

and Frodshain ) 

9.0 

^11. 7 

4 


Breguet 

4.2 

28.0 

4 

Em] )loyed very various prop. 

' Jurgeiisen, U... 

unknown 

27.5 

4 

Arc of vibration 450"^. 

Winnerl 

7.2 

27.^ 

4 

Rnd.Avgts. (anothr.dia.27.7) 

Ganncrj 

4.5 

27.0 

4 

Arc of vibi’ation about 400°. 

French 

unknown 

j;o.5 

4 

Two-day chronometer. 

H. Robert 

ii.r) 

27.2 

4 

Arc of vibration over 500°. 

Rodanet 

7.2 

27.2 

4 

Do., do., 350° to 3C0°. 

Dumas 

( C.O 

27.0 ) 


Round W’cights. 

' Leroy (Th.) ... 

-] to 

to [ 

4 

]\lcan arc of vibration about 

Lecocq 

( 7.0 

28.0 ) 


400°. 

T. Adams 

9.0 

:]3.o 

4 

Rate well maintained. 

Porthoiisc 

7.0 

29.5 

4 


J. Poole 

10.0 

31.1 

4 

Round weights. 

Mercer 

unknown 

30.5 

4 

Do. 

Ch. Frodsham 

9.0 

31.0 

4 

Weight given is apprximat. 

R. Roskel 

unknown 

28.7 

4 

Heavy weights. 

, P. Le Roy 

152.5 

121.7 

2 

Arc of vibration 120°. 


To this second list we would add the names of MM. Jacob, Vissiere and L. A. 
Berthoud, who have all adopted for 4 vibrations to a second a mean diameter and 
weight of 27 millimetres and 6 or 7 grammes respectively. 


1348. — The English have adopted two principal sizes or 
patterns of chronometer. Balances measuring 30 millimetres 
and over are employed in the larger pattern. The other 
approximates very closely to that adopted by French makers. 

The English usually take a complete circle or slightly 
more as the maximum extent of a vibration. 
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Several of tlie clironomcter-malccrs that arc hci’c quoted 
have experimented ■with proportions that differ -widely from any 
of those given in the tables, hlearly all have finally reverted 
to dimensions that were included ■within these limits. 

1340. — An examination of these t-wo tables brings promi- 
nently into vie-w the relation betw'ccn the annular balance and 
pendulum to -which -wc have already directed attention (1338), 
and it shows that our theory rests on a sound basis. 

The results we first gave (1333) -fix accurately the mean 
proportion at which all the chronometer-makers have arrived, 
but this was only after a vast number of trials, many of them 
fruitless. When they deviated too much in either direction 
from the limit wc have indicated, the rating of their instru- 
ments became tedious, variable and often impossible. 

The balance of the earliest chronometer that was made on 
the principles that are in effect admitted to be true by all the 
above makers, that by P. Le Roy, docs, if we make due allow- 
ance for the resistance opposed by the suspension-sjjring, come 
within the limits we have laid down as regards the radius of 
gyration. This coincidence is remarkable. 

The differences, although slight, that these tables prove to 
exist between the balances of various makers, who have all 
successfully employed the dimensions there given, are probably 
still less than the figures would a 2 )pcar to indicate. 

Indeed, as a general rule, the large balances of the English 
makers, with heavy compensation weights, are more charged at 
the axis and thus give rise to a considerable amount of friction 
at the pivots ; and, comparing them with French balances, this 
increases still further the difference bet-^veen tlie actual radius 
and the radius of gyration. 

Had it been possible to determine -with accuracy each 
radius of gyration, and had we possessed exact knowledge as 
to the amount of the retardation due to friction (1336), we feel 
satisfied that it -would have been possible to deduce from these 
tables the mathematical law that determines the dimensions of 
the balance for any given movement. 

Having laid down the principles on which this determina- 
tion must bo based, wo have only one thing to regret ; namely, 
that want of assistance or of time has prevented us from more 
nearly completing the work, which, houever, is already con- 
siderably advanced. 
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OEDINAEY COMPENSATING DALANCT:3. 


FBOFOSTIONS OF COMPEK8i.TtNO BAUNCES FOB WATCHM. 


As given by M. Martens. 


13S0. — ^As tvo have already observed, the proportions 
given by this horologist appear to be taken principally from 
timekeepers made in the canton of Neucliiltel, which has 
produced callipers of very great variety. Hence we see that 
the increase in weight corresponding to a given increase in 
diameter is irregular, not only when comparing the several 
tables, but even in the same table. 

The diameters were taken from the barrel covers 
and the height of tlie balance is about four-nintbs of the width 
of the mainspring. From these facts we can deduce the 
callipers that were taken by M. Martens as typical. 

We are only given the total diameter inclusive of the projec- 
tion of the screws. It is therefore impossible to deduce the radius 
gyration, since the distribution of the mass is not indicated. 

We give these tables then mcrcly^ as practical data, 
sufficient to afford a first approximation. (The units of measure 
and weight are the millimetre and gramme.) 


LEVEP. AKD DUPLEX WATCHES, 


POCKET CHROXOilETERS. 


LARUE POCKET CnROXOMETEUS. 


Diameter, Weight, 


14 mm. 

lb » 
16 „ 

17 ,, 

18 „ 

19 „ 

20 „ 
21 „ 
22 „ 


0‘2C gnu. 
0-82 „ 

. 0-87 „ 
.0-42 „ 

. 0-50 „ 

. 0-58 „ 

. e-cc .. 

•0-74 

.0-82 


Diameter, 

Weight. 1 

Diameter. 

Weight. 

IG mm. ... 

... 0*53 grm. 

IG mm. ... 

... 0*69 grim 

l7 „ 

0-58 „ ' 

17 

» . .. 

...0-74 „ 

18 „ .. 

...0-64 „ 

18 


... 0-80 „ 

19 „ .. 

... 0 69 „ 

19 


... 0-87 

20 „ ... 

....0*74 „ 

20 

j, 

... 0-9fj „ 

21 „ .. 

.... 0*82 „ 

21 


... 1-03 „ 


... 0'90 „ 

22 


...1-08 „ 

Coiacludiiif; IVotcs* 





Weight and velocity ; which must be regarded as an element of timing, 
equilibrium of the balance. 


On the 


1351t It is said by some that we may replace weight by 
velocity and conversely in discussing the efficiency of mode- 
rators. This statement is only in part exact for the case of an 
increase or diminution in the number of vibrations j thus, for 
example, if we double the thickness of the rim of a balance, the 
radius of gyration and therefore the circumference of gyration 
will increase, so that we shall at the same time increase the 


weight and velocity ; and by diminishing the rim we should have 
jiroduced a contrary effect. 

1353* — In stationary clocks weight is the main element of 
timing. 
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In portable timekeepers it is better to increase the velocity. 

For: 

(1) In virtue of the laws of inertia, as we have already seen, 
a heavy body that rotates slowly is easily affected by any resist* 
ances that oppose its movement, a shaking of the supports, etc. 

(2) The friction of the pivots is proportional to their dia- 
meter, according to the experiments of Berthoud and Romilly 
(and we are not aware of any that are more accurate), and the 
former states that it increases with the product obtained by 
multiplying the velocity into the mass, that is the momentum, 
or approximately so. It will, then, differ all the more in the 
vertical and horizontal positions according as the balance is 
heavier. (See articles 423 and 1439.) 

We may mention, as an example, an eight-day watch by 
Romilly, with a balance 26 mm. in diameter, which gave one 
vibration in a second and weighed about one gramme ; accord- 
ing to a report presented to the French Academy it possessed an 
excellent rate when maintained in one position but wont very 
badly when this was varied from the vertical to the horizontal, etc. 

This example shows that a study of the rate in the several 
positions forms an element in the determination of the weight 
of a balance. 

We shall revert to this subject in the articles on Timing. 

1353. — A balance with uncut bi-metallic rim tends to be- 
come oval on a change of temperature. It would be much 
preferable if the bad bi-metallic balances employed by many 
manufacturers were replaced by balances with a heavy rim of 
one metal carrying screws. 

1354. — The equilibrium of the balance may differ in 
vibrations of varying extent, owing to the fact that the pivots 
or pivot-holes are not perfectly round or the ceiitro of gravity 
of the balance-spring is not stationary. Such a fault is especially 
liable to occur in pocket clu'onometers. 

Accidental or permanent changes in the equilibrium of a 
compensating balance prevent the two weights from producing 
identical effects ; one will have a greater influence than the 
other according as tlie position of the chronometer in a vertical 
plane places the excess weight up or down. There may more- 
over be a disturbance of the isochronism. 

INlXVEKCIi OF CFATBIFCGAE FORCE ON THE COMPENSATIKU RAIANCR. 

1355. — The tendency of a rotating mass to fly from its 
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centre of rotation increases as the square of the distance hetwccit 
this centre and the centre of the mass. 

If this distance remains the same while the velocity varies, 
the centrifugal force increases as the square of the velocity 

( 133 ). 

In a chronometer balance, then, the centrifugal tendency 
increases as the compensating weights are made heavier and 
the arc of vibration increased. 

If the semi-circular bi-metallic arcs do not offer a sufficient 
resistance, two sources of error maj’’ arise : 

(1) The weights will cause the moment of inertia of the 
balance to alter when they fly apart. 

(2) The segments of the rims will have a continuous vibra- 
tory movement, or this may only occur during the long arcs, 
the rim offering sufficient resistance in the short arcs. 

It is unnecessary to do more than draw attention to these 
sources of irregularity. 

We have on several occasions detected this trembling move- 
ment and tendency of the weights to fly apart by placing a 
fixed metallic arc in close proximity to them. The weights 
only touched it towards the end of the longest vibrations. Wo 
shall revert to this question in the chapter on Timing. 

INFLOENCE OF TEJirESATITBE Olf THE COHrESSATIXC BALANCE. 

Ijoss at extreme temperatures. 

1356 . — It is generally accepted as a fact (since any differ- 
ences that there may be are inappreciable by our methods of 
experiment) that the dilatation of metals takes place uniformly 
as the temperature is increased from 0“ C. to 100“ C. 

In a series of experiments on chronometers, Dent found 
that the tension of the balance-spring varies almost exactly with 
the temperature. 

The experiments of M. Rodanet of Rochefort, described in 
the Revue Chronometrique, also show that the variations in the 
force of a balance-spring follow the changes of the thermometer, 
and they point to the conclusion that the compensating weights 
move along a secant to the circumferenee of the balance, the 
amount of movement towards the centre gradually becoming 
less as the temperature is more elevated ; and therefore increas- 
ing in the opposite direction. 

In order that the amount of movement towards the centre 
might be proportional to the change of temperature it would bo 
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necessary that this secant should become a radius ; but that 
is impossible with the ordinary balance. 

Let us assume that by some suitable arrangement wo have 
realized this condition and thus have a rectilineal compensation 
in which the movement takes place exactly as the temperature. 
Will the balance be thereby improved ? We proceed to examine 
this question. 

— For a long time chronometer-makers have been 
aware of the fact that if a chronometer is accurately timed at a 
moan temperature, lo" C. for example, it will lose at the two 
extremes 0° and 30'’ C., but Dent was the first to publish this fact 
and offer an explanation of it. 

The clastic power of the balance-spring varies inversely 
with the temperature and, in order that the rate of the chro- 
nometer may remain the same, it would be necessary that the 
effect of its compensation weights should follow the same 
arithmetical progression as the thermometer ; but this is not the 
case, since the moment of inertia of the balance varies with the 
square of its radius of gyration, and therefore this latter dimi- 
nishes in heat and increases in cold in a proportion that is alto- 
gether different from that of the thermometer. 

In other words, in order to make our meaning understood 
by those who are liot accustomed to the language of mathematics, 
assume that a radius of gyration of 10 mm. increases 1 mm. for x 
degrees fall of temperature, and thatthcforce of the balance-spring 
increases with each x degrees fall in proportion to the numbers, 

5, 10, 15, etc. 

or by an equal amount of rise for each degree fall of temperature; 
the moment of inertia of the balance is represented by the figures 

10^ 11-, 13-, 13", etc. 
or 100, 131, 1-14, 100, etc. 

or there is an increase between the successive positions of 

21, 23, 25, etc. 

so that the increase becomes gradually greater in amount. 

Hence it follows that the moment of inertia increases more 
rapidly than the force of the balance-spring and therefore there 
is a loss. 

Wo might demonstrate in a similar manner that a clirono 
motor timed for a given temperature will lose in heat ; and that 
if timed for two extreme temperatures it will gain in inter- 
mediate temperatures. 
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1358 . — A compensation balance then even if it be recti- 
lineal will still be defective, for in neither case will the variations 
of its moment of inertia follow the same law as do those of the 
force of the balance-spring or of the other causes of gain or loss 
whether due to the train or the escapement. 

Auxiliary Compensation. 

1359 . — ^With a view to avoid the irregularities that occur 
at extreme temperatures a vast number of forms of balances or 
of appendages to the ordinary balance have been suggested. 
They may be subdivided into two classes. 

In one class additional bi-metallic strips are adapted to the 
balance so as to occasion the requisite increase or decrease in 
the radius of gyration at the extreme temperatures. 

In the other class pieces are so placed that they do not 
move until the bi-metallic strips of the balance come in contact 
with them and their weight is thus added to that of the com- 
pensation weights, etc. 

These additions necessarily complicate the balance, and, if 
not perfectly made, will add their errors to those of the balance 
itself. And besides this it has long been known that pressures 
and contacts, which from the nature of the case are variable, 
cannot be safely relied upon to produce the delicate and almost 
inappreciable effects of compensation. 

Moreover the want of success of a great number of auxiliary 
compensations is easily explained when we remember the amount 
of care required and the difficulty involved in the constr action 
and adjustment of a good balance, one in which the effects of 
the two arms arc absolutely identical and coincident ; and it is 
manifest that a complexity in the arrangement and a multiplicity 
of actions will increase the difficulty of making and adjusting 
the balance ; indeed they will render absolutely essential both 
perfect workmanship and metals whose purity and homogeneity 
are quite exceptional. 

The number of auxiliary compensations that has been in- 
vented is very great ; we cannot attempt to discuss them. And 
yet some possess real interest, among which we would class one 
that is due to M. Vissiere, a skilful chronometer-maker, and this 
we will proceed to describe. 

Ordinary compensating balance provided with an auxiliary 
compensation by M. Yisslcre. 

1360 . — This balance, which is shown in fig. 6, plate XXI., 
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is described by its inventor as a balance provided with compen- 
sation weiglits on supplementary bi-metallic strips. 

A. An ordinary compensating balance. 

a. A slide that moves on tbc balance rim and is provided with 
a clamping screw. 

i c dj a, supiilcmcntary circular bi-metallic band provided with 
an arm e; it is divided at 

/, a screw that is perforated and tapped internally, serving 
to secure the strip b c d to the slide a. 

h, a heavy mass set on the strip bed near the point at which 
it is divided, and fixed by a screw i. At the centre it carries 
a screw n wliereby its weight can be modified. 

/c, a screw for setting the whole in equipoise. 

/, the ordinary compensation weight carried on the rim of 
the balance, whose weight is so proportioned to that of h as to 
secure the requisite compensating effect. 

1361 . — Note by M. Vissiere . — “ An auxiliary compensation 
should not merely secure a uniform rate at extreme and mean 
temperatures, but it should also maintain this uniformity in 
passing through all the intermediate temperatures and should 
be effective through a greater range than 0° to 30® C ; these 
being the limits usually adopted {see the articles on Timing 
Chronometers). 

“ The weight carried on a supplementary bi-metallic strip, 
bed, possesses these properties. The strip has brass outside 
and steel inside. 

Tlie weight h is so adjusted as to be on the prolongation 
of a radius of the balance passing through the centre of the circle 
h c d ^t the temperature of -i- 15® C. If the temperature rises 
or falls the weight h will move, through the dilatation of bed, 
to one side or another, approxfmately along the eircumference 
of this strip ; but, since it is not concentric with the balance, 
it follows that the weight h will approach the centre on either 
side of this radius and will tend to accelerate the rate of movement 
of the balance. This acceleration will be the greater according 
as the weight is displaced further from its normal position. 

“ It is possible to adjust the compensation to within 1 
second for a change of temperature of 50® C. 

“ I have not yet tested the system beyond this point, but 
Lave reason to believe that it will be possible to employ the 
system even for a greater range.” 
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On the acceleration observed In the rates of chronometers. 

1363 . — Even the best chronometers arc usually observed to 
gradually accelerate in their rate, after going for two or three 
years, by about 4 or 5 seconds per day, an amount which is of 
considerable importance. 

Dent attributed this acceleration to the combination of 
oxygen of the air with the steel balance-spring, so that after a 
time its rigidity is increased. 

M. H. Robert did not admit this explanation but considered 
that the gaining rate mainly arises from the fact that the resist- 
ance opposed by oil at the pivots of the escape-wheel differs 
from that at the jiivots of the balance. 

M. Jacob suggests the following explanation; 

Chronometers arc exposed to heat oftener and for longer 
periods than to cold, and since the balance is thus more fre- 
quently contracted, it follows that after a time the strips will 
not return exactly to their initial positions ; there will therefore 
be necessarily a slight acceleration of the rate. 

Lastly M. Villarccau attributes this gaining rate to the 
influenee of the escapement, and he considers that it arises from 
the fact that the impact communicating the impulse occurs before 
the balance has arrived at its neutral position ( 1364 ). 

MAXIMUM EFFECT OF A BALANCE. 

1363 . — A watchmaker, M. Mousquet, has endeavoured to 
ascertain whether between the longest and shortest possible arcs 
of vibration, there is any one particidar arc at which the work 
performed by the balance is a maximum. 

He has found that by gradually increasing the motive force 
of a chronometer so that the arc of vibration, commencing at 
135°, becomes 490°, the maximum effect (which depends on the 
relation subsisting between the mass, diameter and arc of vibra- 
tion of the balance and the motive force) is produced between 
arcs of 340° and 370®. 

This result is very remarkable, for, as we shall see in the 
article on Timing, this is the mean arc of vibration adopted by 
very many chronometer-makers at the present day. 

The question as to which arc of vibration is most likely to 
secure regularity is complicated; for this reason we cannot enter 
on a discussion of the problem suggested by M. Mousquet, but 
we commend it to the notice of watchmakers, more especially 
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•since it is also applicable to pendulums (see Revue ChronometriquCf 
Vol. II., page 212). 

THEOKY OP THE COilPEHSATION BALANCE. 

13G4. — A physicist, M. Villarceau, has published, in the 
Amahs de V Ohservatoire de Paris, a theory of the compensation 
balance. This abstract mathematical research is beyond the 
reach of watchmalcers, -who alone could experimentally verify 
its conclusions and practically apjdy the consequences deduced 
by the author from his calculations. 

TO MAKE A COMPENSATION BALANCE. 

13G5. — Cut from a carefully selected bar of cast steel a 
disc somewhat larger and thicker than the finished balance. 
Some makers use worn files that have been softened for this 
purpose. 

After trimming the disc a hole is drilled at its centre in the 
nprighting tool of the same diameter as the balance-staff. This 
hole is broached with the greatest possible care and, when the 
disc has been turned flat on one face on a smooth arbor, it is 
fixed ■with shellac on a chuck in the lathe. This chuck is pro- 
vided at its centre with a short arbor, hardly as long as the disc 
is thick, which fits the hole in this latter without play and serves 
to centre it. 

Those unaccustomed to the operation of turning the disc 
may strain the arbor and sometiiues loosen the shellac. If 
accurate work is looked for, it will in such cases be necessary to 
replace the arbor whenever the disc is re-fixed ; but when some 
experience has been acquired this will be found unnecessary. 

The edge of the disc is turned perfectly square and the 
diameter reduced to that of the required balance less the thick- 
ness of the external ring of brass (from two-thirds to three-fifths 

the total thickness of the rim). 

The disc is now removed and the central hole plugged. 
Some makers employ a turned stick of slate, accurately fitted in 
the hole, and then cut off and slightly bruised on either surface. 

Others fit in a rod of highly burnished steel. One recom- 
mends that it be first passed tlirough an onion, as thus a thin 
layer is formed on its surface that prevents adhesion; most 
miers, however, prefer to merely dip it in the oily matter on 
an oilstone. It is then cut off flush with either side. It is 
.essential that the hole be hermetically closed because, if the 
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slightest particle of brass enter, the two pieces of stool will braze' 
together. The disc may be covered over on either side with 
white-lead made into a paste with water. 

The disc is placed in a small crucible from to 2 inches 
wide and from 1 to 1^ inches deep, the side that was waxed to 
the chuck lying flat on the bottom of the crucible, and is covered 
with the best quality brass, the amount of which varies from 
one-third to one ounce according to the size of balance, and the 
whole is freely covered with finely-powdered borax. 

The edge to which the brass is requii-cd to adhere must not 
have been touched by the fingers and, in order to ensure the 
brazing, it should be previously painted over with a paste of 
borax and water. 

The crucible is now placed in the muffle of a cupelling or- 
reverberatory furnace as the draught can then be regulated, 
which is not the case in an ordinary forge fire ; previously the 
furnace should have been raised to a red heat. After a few 
minutes the fusion of the brass will commence. Shake the- 
crucible, holding it in a pair of tongs, or stir the molten metal 
with an iron rod in order to bring all impurities to the surface. 
The fusion will be complete when the vapour of zinc is distinctly 
seen to rise. Withdraw the crucible and, by means of the iron 
rod, force the steel, which floats, to the bottom of the crucible- 
and maintain it there until the brass is partially solidified. 

If the heating is excessive or not uniform it will give rise- 
to blisters, etc., which will either be found during the subsequent 
turning or remain concealed within the thickness of the brass- 
rim and cause the compensating action to be irregular. 

The surface of the steel that was in contact with the crucible 
will have very little brass adhering to it ; this must be removed 
and the steel smoothed with care. The brass on the other surface- 
is removed with a file as well as the greater portion of that round 
the edge, only reserving a rim about 2 or 3 mm. (O’l inch) thick. 

The central hole is next cleared by forcing out the pin that 
filled it ; if the requisite precautions have been taken, the hole 
will be found to be perfectly clean, and it will only be necessary 
to polish it with a stick and rouge. 

1360 . — The smoothed face of the disc is fixed with shellac 
on the chuck with a central arbor, after this has been carefully 
tested to ensure its absolute truth. The exposed face is turned 
down and the balance may be reduced to its final thickness. 
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Then the brass is turned perfectly square, leaving its thickness 
somewhat greater than is required, and it is reduced to very 
nearly the exact thickness by hammering, which process is 
conducted with very great care so that the metal may be of 
uniform hardness throughout. 

Formerly it Avas hammered on its rim after being removed 
from the lathe. At the present day, however, many manu- 
facturers prefer to harden the brass while the balance is mounted 
in the lathe by means of a milling tool with fine notches. They 
repeat the operation several times after having removed the 
notches produced and are thus enabled to reduce the brass to 
the required thickness without having to detach from the chuck. 

If the hardening be continued for too long the rim will 
close in when it is divided. If it be carelessly performed or 
uneven one of the arms may close in further than the other or 
rise above the flat of the balance which then becomes worthless. 

The rough surface is removed from the brass and the inside 
cut away to the depth previously detennined upon, either by 
hand or by using a pointed cutter in the slide-rest ; and the 
surface should be finished with a flat ended cutter but the width 
of the acting edge must not be more than 0’2 mm. (O'OOS inch). 
These cutters should always bo very carefully set, and should 
remove the metal in long thin threads ; for otherwise they will 
scrape the surface and cause it to cockle, an effect which is very 
detrimental as it resembles the action of rolling. 

The interior and the flat of the rim are smoothed with fine 
emery powder, the angles being slightly rounded off. 

After the balance has been removed from the chuck and 
the shellac cleared from its under surface, the holes for the 
screws are drilled in a small drilling machine arranged for 
this purpose. These holes (numbering twenty or thirty when 
the balance is only provided with screws and does not carry 
weights) are set gradually nearer together towards the free ends 
of the strips. The finer they are the better. 

It is best to tap them in a tool specially prepared for the 
purpose. 

The two arms are next crossed out ; they should be per- 
fectly uniform and alike in shape so as not to disturb the equi- 
poise of the balance by being of unequal weights. This 
operation requires some care and lightness of touch for it is 
necessary to avoid touching the interior of the rim. 
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The surfaces are now smoothed and the file marks removed 
by drawing an iron charged with oilstone dust across them. 

The compensating weights are next adjusted. 

If the slot is straight it can be made with a circular cutter 
in the wheel-cutting engine ; but it is better to give it the same 
curvatme as the bi-metallic rim. This may be done in several 
ways ; thus a groove may be cut in a thick brass plate, cither 
by a' single cutter fixed in the slide-rest or by a series of cutters 
fitted together so as to form a kind of circular saw with the 
edge projecting from the flat and of the same thickness and 
diameter as the bi-metallic rim ; and the weights subsequently 
cut from this jjlate. 

One of om: best-known French chronometer-makers, 
M. Rodanet, merely turns the weights to the required form, 
and then fixes them with wax in a deep circular groove cut in a 
thick plate that is just large enough to admit them. If the 
plate be now centred in tho lathe, slots can be cut in all the 
weights at once. 

When the weights and screws (which should fit firmly with 
friction) have been completed, the Wo segments of the rim are 
cut through with a rotating cutter in the wheel-cutting engine. 
It is well, as a precaution, to fix the rim of the balance with 
wax on a plate that has two openings to admit the cutter. The 
balance had better now bo placed in oil, which is caused to boil 
so as to bring the whole to a more uniform molecular condition, 
as the metal is always somewhat distorted in the com'so of tho 
work. The balance is next cleaned and fitted with screws and 
weights ; when it has been fixed on the staff and poised on the 
pivots it will be ready for adjustment. 

Ohservations . — The lathe employed should be very well 
made, perfectly adjusted and very solid. The arbors, collets, 
etc., in short all the fittings should preferably be short and solid, 
and their size should be such as to prevent vibrations. 

The several slides should have a bearing of sufficient 
breadth, and the screws should always act regularly and with- 
out jerks or backlash. 

To make an ordinary balance 

with uncut rim. 

Our small practical manual (The Watchmaker’s Handbook) 
gives all necessary details on this subject; we therefore refer 
the reader to it. 
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the balance-spring. 

Historical Notice. 

1307 . — ^We have had in our possession a watch that was 
apparently made in the very earliest days of portable time- 
keepers. The balance was a folliot ( 141 ) and carried on its axis 
a thin straiglit flexible blade that struck against two pins fixed 
in the plate at eacli movement of the folliot and the blade was 
thus more or less deflected. 

In old timekeepers, usually of German manufacture, the 
following arrangement is occasionally met with ; two pieces of 
silk or pig’s bristles are fixed to the plate and project above or 
below the rim of the balance. At each movement of this latter 
a pin set in its rim causes the two bristles to be alternately 
deflected and the balance oscillates from the one to the other as 
though driven by their elastic force. 

Must we regard these primitive devices as the origin of the 
balance-spring ? Nothing justifies us in doing so. 

A watch provided with a balance-spring, very nearly of the 
form used at the present day, appeared in London in 1G75, 
having been constructed under Huyghens’ directions, “ and,” 
says Derham, “ it excited as much interest as if a method had 
been discovered of determining the longitude at sea.” 

It is well known that if an elastic lamina bo fixed at one 
end and the free end be deflected from its position of rest, it 
will perform oscillations that arc practically equal on cither side 
of this position for a certain period. From this property of 
elastic blades it resulted that when a spiral spring was attached 
to a balance the regularity of its movement was relatively so 
great that the invention of Huyghens was at once regarded as 
ef the highest importance. Hence the credit of the discovery 
was eagerly claimed by Hautefeuille and Hooke. 

The dispute may be briefly summarized as follows. 

Hautefeuille was the first to publish (in 1674) the fact that 
a spring applied to a balance would facilitate its oscillations and 
increase their regularity, but he does not seem to have had any 
idea of fixing it to the axis of the balance itself or of giving it 
a spiral form. 

He moreover proposed, according to Moinet, to bend a 
straight spring in waves. But Komilly attributes this idea to 
Lahire. There is unquestionably some confusion and this wavy 
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spring is probably nothing more than the helical spring of 
Hantefeuille. 

Huyghens took up and carried out the novel idea of Haute- 
feuille, employing a spring coiled up into a spiral. The success 
of his experiments caused Hooke to claim priority. 

It appears certain that the latter had an idea of employing 
a straight spring as early as 1660, and a few years later it is 
said that he actually apjdied a spiral spring to a watch, but it 
was much shorter than the spring now in use, Hooke’s inven- 
tion however was maintained secret until the appearance of 
Huyghens’ watch and it is therefore legitimate to conclude that 
he had not fully appreciated its importance. 

1368. — Helical Balance-Spring. — The ingenious Abbe 
Hautcfeuille was moreover the first to employ a cylindrical or 
helical balance-spring in horology. But in this case also, doubtless 
owing to the want of some technical knowledge, he had the bad 
fortune not to perceive all the advantages of his system. Thus 
he only utilized the elasticity of his coiled spring in the direction 
of its axis and not at all in order to produce a circular motion 
by tension and distension round this axis. Fig. 9, plate XIX., 
is taken from his work. 

The following very curious passage occurs in it : 

“We can,” he says, “ not only employ a helical spring (as 
shown in fig. 9) but also springs having every conceivable 
form to be found in nature, providing that they are capable of 
performing vibrations : wc may perhaps he ahle to discover some 
that have special properties.^ such as causiny the long and short arcs 
of vibration to occupy equal periods. With this object in view I 
proposed the use of anisocylcs, that is to say springs formed 
with successive coils of unequal diameter and coiled on a cone.’^ 

Were it not that the author’s explanations clearly show 
that he only intended to employ the tension and elastic reaction 
of the spring along the axis of the cylinder or cone formed by 
the spring and not by the angular motion round this axis, one 
would be disposed to attribute to him the discovery of the 
isochronal balance-spring, but no confusion or error is admissible 
in such a claim. 

1369. — Isochronal Balance-Spring. — In 1766 Pierre Le 
Roy thus enunciated his discovery of the isochronal balance- 
spring : 

“ There is in every spring, providing it be long enough, a 
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length that causes all the vibrations, whether long or short, to he 
isochronal; having fixed upon this length ii yon. shorten the 
spring, the long vibrations will he quicker than the short ; if, on the 
other hand, you lengthen it, the short ares will occupy less time than 
the long. It is on this important property of the spring, which 
has hitherto been unknown, that the regularity of my marine 
chronometer mainly depends.” (It had a going barrel and no 
fusee.) 

P. Le Roy employed two flat superposed springs opening 
and closing in the same direction (fig. 10, plate XIX.). Since 
the arrangement of his movement only allowed the very large 
balance, at that time considered essential, to perform short arcs 
of vibration, the two springs had, within the range through 
which they acted, the properties of a helical sju’ing. 

Ferdinand Berthoud in vain endeavoured to appropriate 
the beautiful discovery of P. Le Roy. At first he published a 
geometrical theory of it, from which he deduced the fact that 
we can secure isochronism of the oscillations of a balance by 
using a spring whose strength gradually diminishes from one 
extremity to the other in a certain definite progression, and he 
invented the tapered balance-spring. 

P. Le Roy would not admit that isochronism should be 
aimed at by a curve adjusted by trial, such as Gourdain, a 
French maker of that day, proposed, prior to 1770, to adapt to 
the balance-spring with a view to accelerate the long arcs and 
thus make them equal to the short arcs. In this we perceive 
the origin of the various terminal curves for chronometer 
balance-springs employed at the present day; but we are bound 
to add that, if the proposal of Gourdain failed to find accept- 
ance in France, this was doubtless due to the fact that in his 
day only flat springs were employed. His device, of which we 
have never been able to find a description, was probably some- 
what analogous to the Breguct spring employed at the present day. 

In 1776, J. Arnold used cylindrical springs in his chrono- 
meters, and in 1782 he took out a patent for a spring of this 
form in which the last coil was turned in towards the centre 
(fig. 11, plate XIX.). “ These tenninal curves,” says the speci- 
fication, “ possess the property of rendering all the vibrations 
of equal duration, since the figure of the balance-spring always 
remains similar to itself.” 

Lastly M. Phillips of the French Institute has in recent 
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years published, in a very exhaustive memoir, the theory of the 
terminal curves of balance-springs that secure isochronism. 

Tarious forms of balance-sprinss. 

1370 > — L. Bcrthoud employed conical springs with success, 
that is to say springs formed like a fusee (fig. 13, plate XIX,). 
He found them to possess a marked superiority over cylindrical 
balance-springs in regard to the progressive increase in the force 
exerted, and from the fact that the coils, although very near 
together, could not come in contact. 

1371i — A. Breguet employed a balance-spring bent and 
lying in two planes, now generally known as a Breguet spring ; 
only the external coil is bent into the upjicr plane (fig. 17, 
plate XIX.). 

He also proposed to employ a spring that was thicker at 
the two extremities and gradually became thinner towards the 
middle. Such a spring assumes the form of a cask when it 
opens out and, on closing, resembles a spindle narrower at its 
centre than towards the extremities. The advantage secured 
by this device, which is also realized more easily by forming 
certain terminal curves at the extremities of the ordinary cylin- 
drical spring, consists in the fact that the spring itself is not 
thrown on one side in the long arcs of vibration. 

1373 . — The spherical or globular balance-spring (fig. 16, 
plate XIX.) was first made by Frederick Ilouriet.* He asserts 
that this form enables the balance to perform the greatest pos- 
sible arc of oscillation for a given impulse. If we compare this 
with a cylindrical spring having proper terminal curves, the 
advantage of the spherical form will be found to be either 
nothing or very slight ( 1374 ). 

1373 . — Finally attempts have recently been made in 
England to adopt the Haramerslcy balance-spring. The middle 
portion of the lamina is formed in a cylinder and the two ex- 
tremities form flat spirals towards the axis, the two planes of 
these spirals being parallel to each other and perpendicular to 
the nxis of the cylindrical portion. It is, in short, a triple 
spring, being formed of a cylindrical balance-spring terminating 
in two ordinary flat springs (fig. 19, plate XIX.). It has been 

• F. Houriet was a Swiss watchmaker born about the middle of the last centurj. 
He worked for nine years in Paris with some of the best makers, P. Le Hoy, Homilly 
and F. Berthoud, and returned to establish himself in Neuchatol. The rapid progress 
made by the watchmakers of that canton was in part duo to his efforts. 
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made with only a single flat j>ortion; this is known as the 
double balance-spring. 

13 !? 4 « — This latter would certainly bo preferable in watches 
of average thickness to the Breguet spring, but wo cannot see 
what advantage the triple spring possesses in chronometers over 
the cylindrical spi'ing Avith proper terminal curves. It does not 
in any way facilitate the movement of the balance and requires 
as much care as a spherical spring ; and chronometer-makers 
have decided that the cylindrical spi’ing with proper terminal 
curves is preferable to tliis latter for the following reasons : its 
construction is more simple, a hollow block can be used in the 
hardening, and it is possible to modify these tenninal curves as 
required, thus materially facilitating the final adjustment in the 
timing. 

It has been objected that the forming of these curves or 
their alteration with pliers would damage the metal or modify 
the molecular arrangement of the steel, giving rise to an accele- 
rating effect that would gradually become less and disappear in 
time. But in order to avoid these influences Avith the Ham- 
mcrsley balance-spring or Avith the spherical spring it would be 
necessary to harden them when of their final lorin and never to 
have occasion to touch the extremities. This could only happen 
very rarely, since the tests of isochronism and in positions must 
of necessity be made after the chronometer is completed. 

Springs in opposition and with double bends, 

1375 , — Bomilly, about the end of last century, folloAving 
out a suggestion of Bernoulli, applied to a marine chronometer 
by Frederick Ilouriet, who worked for him, two flat balance- 
springs one above the other and set so as to dovelopc in opposite 
Sections ; each Avas coiled up once on itself so that the Avhole 
was in a state of constrained equilibrium. The freedom of 
movement of the balance was so great that there was some 
difficulty in stopping it. 

P. Le Roy had already pointed out that there was a dis- 
advantage in employing two springs so arranged because they 
are both in a constrained condition, and this ho considered 
would give rise to sources of error greater than those that are 
avoided by reducing the lateral friction of the pivots, etc. 

1376 . — As early as 1838 a double cylindrical balance- 
spring Avas invented, and a description of it was published in a 
manual by L. Janvier and Magnier j it is formed of a single 
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band of steel bent double at its middle and the upper portion is 
bent into a spiral in one direction while the lower portion turns 
in the opposite direction (fig. 15, plate XIX.). 

The intention of the inventor, who only succeeded in pro- 
ducing a balance-spring with two spirals in opposite directions but 
unconstrained, was not only to diminish the friction of the pivots, 
since one half of the sj)nng closes to the same extent as the 
other opens, but more especially to ensure the resting position 
of the balance remaining invariable. In other words he hoped 
by this means to avoid the watch getting out of beat, which he 
considered possible when the balance-spring became longer at 
elevated temperatures ( 1400 ). This shows that these two 
horologists were somewhat ignorant of the laws of dilatation 
( 1259 ). 

1377 < — More recently JI. Rozc has devised a balance-spring 
of double curvature which however differs from those that 
precede in that the middle of the band (wdiich is not bent) is at 
the centre of figure of the ■whole ; each half of the spring is bent 
twice in oi^posite directions and then coiled into a cylinder, the 
coils of one half being right and the other left-handed. The 
force exerted by the ordinary cylindrical sj)ring in the direction 
of its axis is thus avoided, a force whose influence is made very 
evident by an instrument constructed for M. I’hillips by M. Roze. 
The relative forces thus exerted when the balance is ■\Vertical 
and horizontal arc, so far as we know, still undetermined. 


SUMMARY OF P. LE ROY’S WORK ON THE BALANCE-SPRING. 

1378 . — Wlicn the balance-spring was first applied to a 
watch it was generally admitted that the vibrations of an elastic 
lamina, whether free or attached to a balance free to move 
on j)ivots, ■will all occupy the same period of time, although this 
is not exact ( 1254 ) ; just as they liad assimicd from the incom- 
plete experiments of Galileo that the long and short oscillations 
of a pendulum were isochronal until Huyghens published the 
law that would enable us to ensure isochronism. 

Since most watchmakers were without accurate means of 
verification and the uniformity in the rate of the new watches 
was relatively very good, they concluded, just as Hooke did, 
that the long and short arcs were isochronal ; a few horologists, 
however, who were good observers and possessed a power of 
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analyzing effects, who moreover were engaged on the problem 
of determining the longitude at sea, disputed this conclusion. 

In 1759, P. LeRoy published the following: 

“ From experiments that I have made it appears that the 
free vibrations of a balance with attached balance-spring are not 
exactly isochronal. If, for example, it performs 116 vibrations 
of 60“ in one minute it will only perform 115 in the same time 
if the arcs measure 120*, etc.” 

This result is confirmed l)y those of Sully,* Gourdain, etc., 
and of Harrison, who had shown that tlie long arcs of vibration 
of his balance occupy a longer time than the short arcs (an effect 
which he remedied by his cycloidal stud). 

1379 . — Following up his earlier cx])crimental researches, 
and relying on the mechanical princiidc that “ the movements 
of a mobile are isochronal when the forces impelling it are pro- 
portional to the degree of tension,” P. Le Roy made (prior to 
1766) the following experiment: 

“ With a view to ascertain what conclusions I should draw on 
this important point (whether the force exerted by a spiral 
spring increases in proportion to the space traversed in expan- 
sions or contractions of varying extent) I took a large spring 
from an ordinary watch ; its internal extremity was attached 
to a staff supported on very fine pivots which carried a large 
pulley ; and the outer end of the spring was then made fast in 
such a position that it was in its neutral unconstrained state. I 
then attached a fine thread to the pulley, coiled it several times 
round and attached a light hook to the fi*oe end to which 
diffei’cnt weights could in succession be attached. As these 
weights strained the spring, opening or closing it to a greater 
extent than if it had caused a balance to vibrate, I observed the 
several distances through which the hook descended and found 
them always co be in proportion to the loads applied, etc. 

We see from this extract that P. Le Roy was the first to 
suo-gest the elastic lalance ( 1434 ) for measuring the force of 
balance-springs and their gradual divergence from true isochro- 
nism and that by its means he had found a spring that was really 
isochronal. What is so remarkable is that this great artist had 
foreseen, from these early experiments, that the isochronal spring 


• Au Englisk watchmaker who established himself in France where he acquired 
considerable r^utation. Dying in 1728, a friend of J. Le Hoy Su y contributed 
largely to the adyance of the horological art m the country of his adoption. 
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would not behave in the same manner wlien working in con- 
junction with the escapement as when fixed to a detached balancC| 
and that he convinced himself, by observation and reasoning, 
that a spring which is isochronal with the balance for measuring 
its strength may bo no longer exactly so in a -watch. This 
observation rendered his research complete and he was then able 
to formulate his great discovery in the terms given above (1369). 

1380. — To that passage he added the following: “ I am 
satisfied that if the shortest and the longest arcs are once rendered 
isochronal by this method, all intermediate arcs will be so also.” 

It is important to observe, as bearing on this last quotation, 
that the fact of this being the case under the special conditions 
that characterized P. Le Eoy’s chronometer does not justify us 
in concluding, as some watchmakers but little acquainted with 
practical chronometry have done, that the isochronism of long 
and short arcs necessarily involves the intermediate arcs being 
isochronal ; this is generally not the case in ordinary modem 
chronometers. 

This brief summary proves that the discovery of the 
isochronal chronometer balance-spring, was no more a happy 
chance than that of the detached escapement or the compensation 
balance ; it resulted from the following up of an abstract idea by 
a man of genius who spared neither perseverance nor ingenuity.* 

1381. — P. Le Roy moreover established experimentally, 
by means of the instrument that he termed an elaterometer, that 
the clastic force of a balance-spring diminishes as the tempera- 
ture is increased, but that such a change does not alter the 
isochronism (when the arrangement is such as he adopted). 
He neutralized this weakening of the spring, as, following his 
example, we have since continued to do, by the movement of 
the compensating weights carried on the rim of the balance ; 
whereas F. Berthoud resorted to that objectionable device, a 
movable pair of curb pins by which the acting length of the 
balance-spring was caused to vary. 

1382. — ^It is further of interest to note that P. Le Roy 

♦ Bom in 1717 and dying without cliildren in 1785, P. Le Eoy, the sonof Julien, 
is unquestionably the greatest liorologist that has honoured and enriched France by his 
labours, and no foreign horologist, even the most celebrated, has done more valuable 
work. His labours are to bo admired not merely on account of the value of the dis- 
coveries he made, but because during twenty years, without once losing sight of the 
main object, or resting until he felt satisfied the work w'as complete, he followed it out 
with the logic of real genius, the disinterestedness and the modesty of a noble spirit* 
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pointed out these two important facts : (1) That a spring loses 
a considerable fraction of its elastic force in the first few months 
it is in action ; the weakening then becomes less, until at length 
it is almost insensible, unless the spring is overheated, in which, 
case it cannot return exactly to its previous amount ; (2) if the 
metal is not in a uniform molecular condition or if it is con- 
strained it will give rise to variations. 

lie therefore recommends that the metal be always sub- 
jected to temperatures that are both higher and lower than those 
to which it will be subsequently exposed. He first fixed the 
internal extremity of his chronometer balance-spring, the other 
extremity being held in a free stud. TJiis stud was not defin- 
itively adjusted until after the spring had been subjected to 
temperatures that were relatively high and low. In a memoir 
presented by F. Houriet to the Society of Arts of Groneva, 
several of these observations are recorded, but the writer omits 
to mention the source from whence he obtained them. 

TnGOBETICAt COXSIDEBATIONS.-DEFINITIOXS, etc. 

Moment and Coefllcfent of Elasticity. 

1383 . — The amount of a force (whether it be due to a 
mass, inertia or elasticity) is measured by the power exerted at 
its point of application at the moment under consideration. 

The moment of a force round a given point is measured by 
the force applied multiplied into the virtual lever arm. 

The work done by a force is obtained by multiplying the 
force into the space traversed by its point of application, 
measured in tlie direction in which the force acts. 

When a body is moving under the action of a force 
(gravity, elasticity, etc.) which continues to act uniformly upon 
it, its energy is measured by multii^lying the mass into the 
square of the velocity. 

If the impulse, instead of being applied uniformly, is gradu- 
ally increasing or decreasing, the energy will increase more 
rapidly in the first case and less so in the second than the squares 
of velocities would indicate. (See any treatise on Mechanics.) 
In algebra a number that is set before any quantity, as a 

the elastic resistance offered 
_ md transverse section but of 

dlfflrOTt* mltcriai, ani under certain similar conditions, the 
resistances ore 10 for the first and 15 for the second rod; 10 


multiplier, is termed a coefficient. 
If we study experimentally 
■ wb-nitical in form 



754 


BALAXCE-SPRING, — LAW OF ISOCHRONISM. 


and 15 will be tlie coefficients of elasticity of the metals forming 
these rods. In any volume that treats of the strength of materials 
will be found tables giving the coefficients of elasticity of metals. 

The moment of elasticity^ represented by >r, of around rod 
of radius r and having a coefficient of elasticity E, can be cal- 
culated from the formula 


M = E X 


3-1410 X r* 
4 


If the section of the rod is rectangular, the width (parallel 
to the axis of rotation) being a, and the thickness e, the moment 
of elasticity is given by the formula 

M = E X 

The radius, in the case of a round rod, and the width and 
thickness when it is rectangular, must be exj)rcssed in fractions 
of a metre. 

M. Phillips enters into very full details in his manual, and 
in his memoir he gives an experimental mode of determining 
the moment of elasticity of a spiral spring by employing a short 
piece of the lamina. As we cannot discuss this question further 
we must refer the reader to his two works. 


liaw of isoebronism of the balance-spring;. 

1384. — ^Wc know that an isochronal balance-spring is one 
that possesses the property of causing the vibrations of different 
extent of a balance to take place in equal periods of time. 

We further know that in order for it to have this property 
it is essential that the force exerted by it bo always proportional 
to the angle of tension according as it is more or less coiled up. 
In other words if a balance-spring, fixed at its outer end, be 
attached by its inner extremity to an axis perpendicular to its 
plane that is movable on pivots, and if a force, represented by 
a gradually increasing weight, be applied tangentially to the 
axis, we shall know that the spring is isochronal when each equal 
increase in the weight (short of the point at which the metal 
would be permanently distorted) gives rise to an equal angular 
movement of the axis. 

From the above explanation it will be seen that the limits 
between which it is possible to secure isoebronism, of consider- 
able extent when a cylindrical spring is employed, are much 
less so with a flat spring ; and, further, that with a given balance 
the spring which is isochronal to it will be determined by a pro- 
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portion, to bo ascertained experimentally, between tlie section 
and length of the metallic lamina, assuming it to be perfectly 
homogeneous and of equal section throughout its entire length. 

A balance-spring that is too short, or, what comes to the 
same thing, is too thick in proportion to its length, will coil up 
too rapidly as compared with the weights apjilied. The con- 
verse is the case when the spring is too long. 

Isochronism can be secured with gi’cater facility and more 
perfectly by bending the extremities of a cylindrical spring 
towards the centre, ado 2 )ting one of the curves whose theory 
has been given by M. Phillijis of the Institute of Paris. 

Terminal carves for the bnlancc-spring. 

1385# — In his memoir Stir le spiral replant, M. Phillips shows 
"that if the terminal curves of a cylindrical sowing satisfy the fol- 
lowing conditions (a b m c being the curve, G the centre of gravity 
■of the curve, and o the centre of figure of the spring, fig. 74): 



of the spring ; 

(2) o G must be a third proportional to the radius o c and the 

Icno-th A B M c of the curve, so that avc have 
^ oc* 

® ® A B M O 

A balance-spring that is so arranged, the two ends being 
formed into parallel curves that satisfy these conditions, will 

possess the following projicrties : .,i i i 

(1) The centre of gravity of the spring will always bo on 

the axis of the balance j 
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(2) The spring in opening and closing will always remain 
perfectly cylindrical and concentric with the axis, and its force 
will increase in proportion to the angle of rotation of the 
balance (principle of isochronism) ; 

(3) The spring will not cause the balance, at any point of 
its movement, to exert any lateral pressure against the sides of 
the pivot-holes. 

1386 > — The author points out that calculation does not 
indicate that this is the only mode of scem’ing isochronism. But 
it clearly proves it to be one method. 

It is a matter of indifference whether the two curves be one 
over the other or not; they may be crossed or inclined at any angle. 

Modes of grapliically tracing out these terminal curves. 

1387 « — We would only repeat here the explanations given 
in M. Phillips’ practical manual on the balance-spring, and, since 
that work can be obtained at little cost (2 francs), shall content 
ourselves by referring to it, merely giving, on the opposite page, 
a sheet representing a number of these theoretical terminal 
curves. Kach is drawn in two sizes, the smaller being approxi- 
mately the same as the springs ordinarily met with in practice. 

It will be noticed that figure 21 is obtained by drawing 
two quarters of circles with a radius equal to one half that of the 
main coils and joining these quarters by a straight line. Figure 
23 represents a half -ellipse. Its major axis is the diameter of 
the cylinder and the minor axis is 0'58 of the major. The 
length of this half-ellipse is exactly 0‘8 of a half-circumferencc 
of the cylinder. 

THEORETICAl AND PRACTICAL ISOCHRONISM. 

1388 . — Reverting to the principles already laid down, etc., 
it has been seen that, if we take a detached balance provided 
with a perfectly isochronal spring and adapt them to a 
chronometer, the isochronism in the vibrations of this balance 
that previously existed may be altered by: (1) The action of 
the escapement; (2) An appreciable difference in the size of the 
pivots ; (3) A change in weight of the balance ; (4) A sensible 
variation in the motive force. 

In a word this isochronism will be more or less modified 
whenever the spring is subject to influences that interfere with 
that progressive increase or diminution in its force which is se 
essential to isochronism, 





THEORETICAL AND PRACTICAL IROCHRONISJI. 


757 


1389 . — Itisthen important to distinguish between theoretical 
•or absolute and practical isochronism. 

Absolute isochronism is that which satisfies M. Phillips’ 
theory of the balance-spring. 

But this absolute isochronism cannot be realized in full in 
the chronometer because : 

(1) We cannot guarantee the terminal curves, which of 
necessity are often slightly modified a number of times in the 
operation of timing, to bo formed with such absolute accuracy 
as to be certain that all lateral pressure is neutralized and that 
the force of the spring varies progressively as required ; 

(2) The lift has a double action which is utterly destruc- 
tive of absolute isochronism ; it presses the pivots against the 
sides of the pivot-holes and changes more or less suddenly the 
character of movement of the balance ( 1446 ). 

Practical isochronism, the only kind that can be attained to 
in a chronometer, is merely absolute isochronism modified in 
accordance with the changes introduced in the nature of move- 
ment of the balance : 

(1) By the lifting action, which has a greater or less dis- 
turbing influence according as it takes place with greater or less 
force, for a longer or shorter period, etc. ; 

(2) By the variable resistances due to friction, etc. 

1390 . — A watchmaker that is desirous of producing high- 
class work will do well in the first instance to study the condi- 
tions that would require to be satisfied in order to secure theo- 
retical isochronism. Ho will then be the better able to come as 
near as possible to it in practice because he can rely on a more 
thorough knowledge of the mode in which the escapement should 
act in order to secure practical isochronism. 

Such a starting point appears to us to bo of very great 
value and leads us to consider the publication of M. Phillips’ 
remarkable memoir as of very great service to the horological 
art. If we possessed with an equal degree of certainty a theory 
giving the impulse at different ages of the oil, etc., we have no 
doubt that the science of constructing chronometers would be, 
what it is very far from now being, a positive science. 

TVOEE DONE BT THE BALANCE-SPEINa. 

1391 . — The amount of work performed by the metal con- 
stituting a balance-spring during its action is expressed by 
M. Phillips in a very simple formula, from which it appears that: 
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If the thickness of the spring is made twice, thrice, etc., 
as much, the amount of work done will be two, tlirce, etc.,, 
times as much. 

If the length of spring is doubled or trebled the metal will 
do two or three times less work. 

If the balance turn tlirough an angle that is greater, the 
work performed will be proportionately increased. 

To calculate tlie period of vibration of a balaneo with 
attached b2ftlanec*sprhi^« 

1303.-^M. Phillips gives the following formula: 



where t is the period of a single vibration of the balance- 
(taking the second as a unit). 

A is the moment of inertia of the balance ; m the m oment 
of elasticity of the spring. 

L the length of spring, taking the metre as unit of length; 
and It the ratio of the circumference to the diameter (3'14-150). 

1393» — The following law is involved in the above formula: 

The number of vibrations (in a given time) of a balance that 
is zmpclled by a spiral spriny is inversely proportional to the square 
root of the acting length of this spring. , 

In other words if two balances have the same moment of 
inertia and arc moved by springs made from the same wires, 
the numbers of vibrations will bo inversely proportional to 
the square root of the length of springs even although their 
diameters be different. 

Practical applications. 

1394*— d balance performs a certain number of vibrations in a- 
given time / find how much the acting length of the balancc-sprinr; 
must be shortened or lengthened in order that the balance may maize 
some other number of vibrations in the same time. 

In acjcordanco with article 1393 wo have the proportion : 

« : N : : : \lT. 

The number of vibrations required (w) is to the initial 
number of vibrations (n) as the square root of the acting length 
(l) is to that of the required length [1). 

Assume the balance to be losing 2 minutes in an hour, so 
that it makes 17,400 vibrations whereas it should make 18,000, 
and let the acting length of the balance-spring between its two- 
fixed points be 194-8 mm. 
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The proportion will he : 

18,000 : 17,400 : 
.-T 13-9 


■whence yjl 


V194-8 

17,400 


18,000 


Vi 

= 13-5. 


Squaring this quantity wo obtain, for the length /, 182*2 mm. 
The difference between 194*8 and 182*2, or 12-6, mm. is the 
amount by which tlie spring should bo shortened. 

If instead of a loss we have a gain on the rate, the method of 
joerforniiiig the calculation will be identical except that the second 
and fourth terms will both be larger than in the above example. 

If the balance-spring is too short we can, providing the 
motive force is sufficient, produce a losing rate by increasing 
the diameter or weight of the balance (1310 and following 
articles) by fixing lateral screws on the rim. 

1395 , — To determine the length of a halance-spring hy calcula- 
tion . — If it be required to ascertain the length of a flat spring 
without being obliged to lengthen it out, count the number of 
complete turns of which it consists, commencing from the point 
of attachment to the collet ; measure accurately the diameter 
of the collet and the external coil, and adding these two 
measurements together and dividing by 2 we obtain the mean 
diameter; multiply this by 3*1416 and the number of turns and 
add to the product the length of the fraction that remains of 
the outer coil, which can always be easily measured. The total 
thus obtained will, if the measurements and calculations have 
been made Avith care, gWe the length of the balance-spring to a 
sufficient degree of approximation. 

The length of the cylindrical portion of a chronometer 
spring can be easily ascertained by tliis method, tliat is to say 
by multiiflying the diameter by n- and by the number of coils ; 
and to the product obtained must bo added the length of the 
terminal curves, which can be easily determined by bending 
tAvo pieces of Avaste sprixig into identical forms and subsequently 
straightening them. 

Or to measure a flat spring it may be placed in a small barrel 
arranged for the pm'pose, and the spring coiled on itself round the 
arbor ; but this method does not offer any special advantage. 

1396 . — Ohservations . — Watchmakers will do well to ac- 
custom themselves to these several applications of theory to 
practice as they will unquestionably very often render impor- 
tant services ; but they must not expect to ahvays secure an 



7G0 


r.ALANCE-SPKING, — NUMBER OF VIBRATIONS. 


exact determination by its means, especially with ordinary 
watches. In such cases it will be wise never to cut away the 
waste end of the spring by the full amount indicated by theory, 
at any rate till after trying it in the watch, because the calcula- 
tion always assumes the metal to be homogeneous and absolutely 
uniform throughout its length both as regards transverse section 
and elasticity ; and this is very seldom the case with the rolled 
springs of commerce, especially the very small ones. At the 
same time we would recommend practical men to accustom 
themselves to these calculations; in conjunction with the 
methods already indicated (433, etc.) and others that will be 
given subsequently (1399), they will be enabled without much 
trouble to plan for themselves a method of jirocedure that will 
facilitate their work, enabling them to estimate, very approxi- 
mately, the gain or loss that corresponds to a definite quantity 
such as a quarter, half or three-quarters of a complete coil. 

To calculate the number of vibrations of a balance as 

dependent on the strength of the balance«spring. 

139!?< — We know that the strength of a balance-spring 
varies inversely with its length, so that if, for example, it be 
shortened by three quarters, it will exert a force four times as 
gi'eat and will double the velocity of the balance carrying it. 

In other words : the number of vibrations of a balance in a given 
time is proportional to the square root of the strength of balance-spring. 
So that, in the above example : 

The initial strength of balance-spring is . . 1 

That of the shortened „ „ „ . . 4 

When the first makes 1 vibration 

The second „ 3 „ 

and 2 is the square root of 4. 

PfilCTICAL APPLICATIONS. 

]398» — In virtue of the above law, if wo represent the 
number of vibrations of a balance by and by / the strength 
of the balance-spring, while N represents another number and 
F the force corresponding to it, "vro have : 

w : N : : slf \ \/f 
or w* : N* : : / : F 

F and / may be replaced by p and jt?, or the two weights 
that produce the same angular displacement with the two springs 
when applied at the ends of equal arms. 
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Example. — A watch heats 16,200 vibrations per hour and 
is required to make 18,000 vibrations in the same time. The 
square roots of the weights that deflect the balance-springs 
through equal angles will bo in proportion to these numbers. 
Assume the weight in the first case to bo 20 egrm. (3 grains), 
we have the ratio : 

10,200 : 18,000 : : : yflT 

Or, observing that 16,200 Adbrations per hour is the same 
as 4'5 in a second, and 18,000 the same as 5, we have, employ- 
ing the second projiortion : 

4’5' : 5® : : 20 : a; 

or 20‘25 : 25 : : 20 : a; ; whence a? = 24‘6 

The spring must then be shortened, in other words it must 
be held at such a point that it maintains equilibrium with a 
weight of 24*6 egrm. (3*8 grains) under the same conditions as 
those under which it previously balanced the weight of 20 egrm. 

1399 . — In order to apply these tests a small instrument 
must be made that will enable us to coil up the balance-spring, 
the stud being held stationary, and a pivotted arbor, provided 
with an index and with a thread wound on it to support the 
weights, passing through the collet. 

In practice the force of the spring is ascertained by holding 
(in the jaws of a small tool made for the purpose) the outer 
extremity of the spring, while a small weight is suspended to 
its centre in front of a graduated rule, a method that is precisely 
similar to the common mode of judging of the strength by the 
eye, holding the outer end in tweezers while the balance is 
suspended from the centre ( 431 ). The cone so formed should 
consist of a scries of coils at regular intervals apart, as if such 
is found not to be the case it proves that some coils are stronger 
than others. This method is satisfactory so long as the springs 
examined are of approximately the same strength but not if the 
lamina; differ sensibly in section. For then two springs that 
apparently exert the same force will give very unequal rates. 

The balauce-spring as aflbeted by (lilatallon. 

1400 . — We have seen ( 1376 ) that certain watchmakers 
attempted to devise a balance-spring that would prevent the 
escapement being put out of beat through the expansion or con- 
traction of this spring at extreme temperatures. Such an 
.attempt is all but useless for two reasons : in the first place the 
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spring would bo much more difficult of construction and adjust- 
ment and, secondly, if the effect were produced, it would bo 
caused by the spring being carelessly made or of bad quality. 

On a steel plate A A (tig. 8, plate XIX.) ti’ace out the spiral 
s a m d n. Eaise the temperature of this plate gradually and 
uniformly ; it will become larger in every direction in accord- 
ance with the law of dilatation ( 1350 ), and we will assume that 
its circumference reaches the dotted circle a: z at some tempera- 
ture under 100® C. ; the enlargement of the spiral unbroken 
line will produce the spiral represented by the dotted lino 
ijfffcb. This line is obviously longer than the unbroken line 
so that the fixed points of the spring can be transferred from s 
and nio b and i. But, as will be seen, the enlargement of the 
spring takes place in all directions, and yet, notwithstanding its- 
great increase in length, the displacement of the jioints s and n 
takes place along a straight line and its actual amount is only 
equal to s i and n i. 

If now we place on the cold jilate a very large balance- 
spring formed of perfectly homogeneous steel, hardened and 
tempered uniformly throughout its entire length and formed so 
that it exactly corresponds to the figure traced on the plate, wo 
shall perceive, on raising the temperature in the manner indi- 
cated above, that the expansion will take place as here explained, 
and the coincidence between the spiral line and the actual spring 
will be maintained throughout. 

The dilatation of a hardened spring that has been made 
with care can only cause the escapement to get out of beat if 
the expansion of the trvo arms to which it is attached is exces- 
sive ; but the difference caused by variations in the radius of a 
collet can obviously be neglected and, in chronometers, the 
other arm is made of steel. 

1401 • — If such an effect is observed to occur, it must be 
caused by the balance-spring being in a constrained condition 
through being bound at its points of attachment or by one of 
the circumstances enumerated in article 1260 . The ordinary 
springs of commerce, which arc rolled and subsequently coiled 
and tempered insufficiently and unequally, are always in a state 
of molecular constraint which causes them to open out, often to 
a considerable extent, on heating. But, as we have already 
stated, this effect is not observed when the spring has been 
uniformly hardened and tempered ( 351 ). 
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EXP£IlI3IE\Til< TQEORETirAL DATA. 

^ 1402.— It seems advisable to enumerate here certain ex- 
perimental data, confirmed by tbe theoretical laAvs, v.’bicb are 
due for the most part to P. Le Roy, Ferdinaiid and Louis 
Berth oud, U. Jurgensen, ITourict and others, althougli most of 
these data have already been given in this worh. Wo will 
supplement tliem by observations of our own (see also C70— 0). 

1403. — The lamina should be of uniform section, homo- 
geneous and of equal hardness throughout its entire length. — 
The terminal curves sliould bo produced without unnaturally 
distorting the metal. It would bo well, if any fears were enter- 
tained on the subject, to bring the metal to a unifojin molecular 
state by a careful tempering. The studs that hold the spring 
must neither scratch the metal nor constrain it. 

A lamina that is nou-homogonoous will become distorted 
on tlie temperature varying and will nut exert the same force 
throughout its length. The same will bo the case if the sjwing 
is carelessly pinned in position ; under these circumstances, as 
well as when the curves are in a constrained state owing to their 
having been too sharply bent with tweezers, the metal will be 
in a state of permanent internal strain and this will give rise to 
a progressive gaining rate. The metal will never arrive at a 
stable molecular state or at any rate not until after a long 
period, one or two years at least. 

1404. — A spring may be found to possess several isochronal 
lengths corresponding to dlfterent balances and to the various 
j)eriods of vibration, or it may not have a single point throughout 
its entire length. — Blades will secure isochronism only so long 
as the extent of the Aubration is within certain limits. — If it be 
required to replace one isochronal spring by another of the same 
length but dilicrent strength, employing a heavier balance, the 
section of the spring mast be increased in such a proportion as 
to secure the required force. Thus, if the width of the blade 
is doubled, the spring will become twice as strong and will still 
be isochronal for arcs of similar amplitude. 

1405. — If one and the same cylindiical spring (without 
terminal curves) bo re-wound so as to give a greater number of 
turns, in other words on a cylinder of less diameter, the balance 
will have greater freedom of movement than before because the 
angular displacement of the point of attachment to the balance 
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will take place at a less rapid rate than formerly. If it bo 
materially altered in cither direction by coiling the lamina 
upon a cylinder whose diameter is considerably greater or less, 
the cfPect of the spring will no longer be such as to secure 
isochronism Avhen the arcs of vibration are of the required 
extent. Thus we see that for a given length of a cylindrical 
lialancc-spring, its diameter is not a matter of indifference. 

Neitlier can the points of attachment of such a spring be 
arbitrarily chosen. With a view to retain its centre of gravity 
on the axis of the balance, these points are so chosen that the 
force tending to disjfface the spring in one direction is exactly 
counteracted by that which draws it in the opposite direction. 
This action is complicated (1436). 

1406< — It is a matter of indifference whether a spring 
with terminal curves is coiled upon a large or small cylinder ; 
but if this latter is very large, the slightest errors in the forma- 
tion of these curves will have much more effect on the develop- 
ment of the spring ; if, on the other hand, it is very small, it 
becomes exceedingly difficult to form the curves accurately and 
at the same time to avoid straining the metal by bending the 
lamina too much. The two curves may be different. 

It is of no importance whether the two terminal curves be 
opposite to each other or not. They may coincide or be opposite 
or at any angle. Their form is not dependent on the length or 
sectional area of the spring, but the length must be sufficiently 
great to prevent all risk of distortion within the range of the 
longest arc of vibration. 

1407. — In conclusion, a spring that is in any way damaged, 
by unequal hardening, bends, twists, parts that have been strained 
and bent back into position, inferior metal, a constrained state 
due to the points of attachment or carelessly made terminal 
curves, etc., will rarely secure isochronism in the first instance, 
and, even if it does, it can never bo relied upon in the future. 

We would rc})eat that the hardening and tempering of an 
isochronal spring require very great care. If the hardening 
has been uniformly effected, the timing will not be rendered 
more difficult by tempering too much or too little. When a 
spring is too much tempered the formation of the terminal 
curves is more easily effected but there is also a greater risk of 
its being distorted by vibrations that are of too great extent. 
This danger is avoided by tempering the spring hard. It is 
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true that in such a case a more marked gaining rate is observable 
in the chronometer, but this progression gradually becomes less 
and will altogether vanish in a short time, as already observed. 

The importance of thus having a spring in a stable con- 
dition, that is to say with a molecular arrangement that is per- 
fectly uniform and not subjected to any constraint, was observed 
in the early days of chronometer-making by P. Le Roy (1383). 

Ho added : The spring must not have too great length or 
mass in proportion to its strength, for then any shake gives it a 
vibratory movement, not only throughout its length but also 
transversely to the lamina. 

1408. — After a certain number of years’ service chrono- 
meter balance-springs arc usually found to be useless; their 
elasticity has altered, very often without its being possible to 
detect any apparent cause. It is generally assumed that such 
deterioration is due to a kind of fatigue of matter. 

Traces of i‘ust deprive a spring of all its valuable properties. 

To re«form tbe terminal curves. 

1409. — The article on Timing explains the mode of se- 
lecting an isochronal spring: we will only consider it here as 
fixed in the chronometer, which is going. 

As a general rule and in ordinary cases, if the chronometer 
loses in the long arcs, in consequence of the force exerted by 
the balance-spring not increasing in a proportion that corres- 
ponds with the angular displacement of the balance, the spring 
is shortened and the terminal curve re-formed. If only a very 
slight correction is needed it may be effected by modifying the 
form of curve ; most frequently in such a case it is opened out 
or rather rounded off, and it is made to turn up more rapidly 
from the point of attachment, so as to cause the spring more or 
less to oppose the ascending tendency of the balance. 

When the chronometer gains in the long arcs, the spring is 
lengthened and the terminal curve re-formed, if a marked change 
is requisite ; but it only a slight alteration is necessary merely 
the terminal curve itself is re-formed, its cm'vature being modified 
so that it bends more insensibly towards the point of attachment 
and closer in to the centre ; in other words so as to facilitate the 
motion of the balance towai’ds the conclusion of its periodof ascent. 

If these data have been clearly understood the intelligence 
of the reader will supply the rest, since a book cannot replace 
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practical experience. Let the watchmaker study Avith care the 
theoretical conditions of isochronism and the causes that modify 
them in practice, and, after mastering the numerous problems 
treated of in this work, let him make a number of observations. 
Ho will thus be enabled to realize, doubtless not without some 
difficulty at first but with no less certainty, the conditions of 
practical isochronism ( 1388 ). 

Tbc flat balancc'Sprin^.— fjimlts within which it is 

isochronai. 

1410 .— The flat balance-springs of ordinary watches ai*o 
comparatively short so that they coil u}) at a too rapid rate ; 
this causes a watch in the great majority of cases to gain when 
the oil is fresh, because the vibrations arc then more extended 
in consequence of the temporary increase in the motive force. It 
will no longer be the case when the oil becomes thick, the spring 
enervated, etc. Thus it is only possible in such cases to secure 
a sort of chance isochronism, due to the fact that there exists a 
certain definite proportion between tlic length of balance-spring, 
extent of vibration, friction of the pivots when forced laterally 
against the sides of their holes, and the various effects due to 
thickening of oil in the escapement. 

Within the limits between which it is possible to secure 
isochronism with a flat spring it can only be realized if the 
following conditions, deduced from theory, are observed. 

The internal point of attachment should be as near as pos- 
sible to the centre of the spiral spring and from this point the 
lamina should gi'adiiate from the collet insensibly and with very 
great regularity. For otherwise the progressive movement of 
the spring will not be such as to secure isochronism. 

Suiiposc for example that a portion a a' of a balance-sjiring 
(fig. 10, plate XXI.), instead of having only a single point in 
common with the circular arc described from the centre of the 
spring, coincides with the portion b b' of this circular arc. It 
follows that when the balance impels the portion a a in the 
direction from a' towards a, it will meet with less resistance 
than in returning ; for in that case the portion b V will, so to 
speak, butt directly against the action of the balance ; whence 
it follows that between the advancing half of the vibration and 
the return vibration, irregularities will be mot with that are 
incompatible with the conditions imposed by the law of isoclu’onal 
oscillations (sec also the Watclmakcii'''s Handbook). 
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1411 . — The flat balance-spring (wlien it is sufficiently long 
and isochronous) is exceedingly convenient for use in the best 
class of ■watches, and when the arc of vibration is not of too 
great extent it is often preferable to the Breguet spring. There 
is greater difficulty in forming this latter so as to conform to the 
conditions required for isochronism, as the steel is strained and 
distorted at the bend, besides which this bend interferes with 
the uniform progression of the flexure, which is there compli- 
cated by a tendency to twist. 

It would bo well, in the case of ordinaiy lever watches, to 
replace the great majority of the bad compensation balances, 
whose only characteristic consists in disturbing the equipoise of 
the balance with every change of temperature, by ordinary 
balances fitted with screws on the circumference ; for such 
balances can be much Ixittcr brought into accord with the motive 
force and with a balance-spring that is sufficiently isochronal for 
ordinary purjioscs. 

movable Stud.— Its elTect in increasing the range of 
isochronism with the flat spring. 

1412 . — The j)riiioi]ial objection to the ordinary balance- 
spring arises from the fact that the centre of the cock is far 
removed from one point of attachment of the spring, for, in 
consequence of this, the main body of the spring is compelled to 
be thrown suddenly to one side when the vibrations are even 
only of average extent. This gives rise to a temporary distor- 
tion which interferes with the true isochronal development. 

This fault can be avoided by attaching the outer extremity 
of the spring not to a stud fixed in the cock but to the end of a 
straight spring that is fixed by a foot to the side of the cock or 
to the plate of the watch as shown in fig. 18 (plate XIX.). Such 
an arrangement is known as an clastic or movable stud. At each 
vibration of the balance this stud is deflected so that when the 
balance-spring closes its outer end is drawn nearer to the centre 
and this again moves outwards when the spring opens. The 
arrangement, which is due to Young and Hardy, helps to extend 
the range of the isochronal development of the flat balance-spring. 

The principal difficulty consists in determining the exact 
dimensions of the clastic stud : for it is evident that, with a 
given spring, it must satisfy certain conditions as regards 
length, thickness, elasticity, etc., which as yet can only be 
ascertained by experiment. Moreover, strictly speaking, it is 
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essential that the head of the stud be almost without weight, in 
order that its elasticity alone may act and that its weight may 
not have different effects in the vertical and horizontal positions. 

This subject is however still too novel for us to further 
consider it ; we would only add that C. Frodsham employed a 
flat balance-spring and elastic stud in a marine chronometer 
which ultimately proved to be one of the best ho jiroduccd. M. 
Raby of Paris ])as also employed them in his watches and he 
found them to give satisfactory rates. 

TO UAEE AND HABDNN A CTDINDBICAI. SFBINO. 

1413> — The old watchmakers made their balance-springs 
of round steel wire, previously flatting it by passing between a 
small pair of rolls. Even at the present day wire prepared for 
this purpose is to be met with, which only needs to be coiled 
into the requisite shape and hardened. 

The diameter of the spring being known, either by mea- 
surements taken from a chronometer that serves as a pattern or 
by preliminary trials, a hollow cylinder or block is prepared on 
which the wire must be wound in the required cylindrical form 
in such a manner that it may retain this form after hardening 
(the terminal curves are made afterwards with tweezers). 
Attempts have been made to harden the spring on the block 
after having formed these terminal curves, but they have 
rarely been successful because the spring becomes longer, the 
curves open out more or less and it would be necessary not only 
to form curves on the block different from those ultimately 
obtained, but the expansion of this block would have to be 
absolutely identical Avith that of the spring, so that it would be 
very difficult of construction. 

1414. — To make the block . — This is generally formed of 
copper or brass. 

The block must not be passed through a screw-plate and 
the wire afterwards coiled in the thread ; such a method would 
give the very worst results. Unless the tube was much too 
thick it would be distorted in the tapping ; and moreover the 
bottom of the hollow does not lie throughout on the same cylin- 
drical surface, and the metal which is subjected to such rough 
treatment as the cutting of a screw will be certain to suffer 
distortion Avhen heated, etc. 

The block is generally hollow; some trace a thread upon 
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it in the machine for cutting fusees, others leave the external 
surface perfectly smooth. 

It should, bo accurately cylindrical both internally and 
externally. If a thread is cut upon it this should be done witli 
a very clean cutting cutter that removes only a small quantity 
of metal at a time and polishes tlie bottom of the groove, which 
must be shallow. When this is the case the metal will have a 
uniform thickness throughout, and, if it be gently heated, it 
will, when sun'ounded by the balance-spring, receive the heat 
uniformly without undergoing any irregular expansion. 

The metallic shell should be only of a moderate thickness, 
about 1’5 mm. (0'059 inch). If it is too thick the balance-spring 
will become red before the block and will cool more rapidly on its 
external surface ; and, as a consequence, the internal and external 
faces of the spring will not be hardened to the same degree. 

When emjiloying the smooth block some makers coil the 
wire so that all the turns are in contact and fasten the two 
extremities with screws. The expansion of the spring in the 
hardening, Avhieh may bo facilitated by slightly separating the 
several coils when the band is stretched on the block prior to 
temiiering, will suffice to maintain the tmms at such a distance 
apart that they shallnot touch during the vibrations of thebalance. 
Other makers coil two wires side by side, one of which merely 
servos as a guide to retain the coils of the actual spring equidistant. 

The block is fastened firmly to the axis of a mainspring 
winder and one end of the wire is fixed under the head of one 
screw ; a sufficiently heavy iveight is then attached to the free 
end in order to stretch the wire, and the coiling is eifectod by 
rotating the block until the wire reaches the second sciewwhcn 
it also is fixed, and the whole is then ready for hardening. 

Mould for malcivff spherical springs.— Y :\\q mould 
employed by Hourict in making his spherical balancc-spilngs 
consisted of an axis formed of two parts fitting one into the 
other, on which were adjusted five brass discs held together by 
lateral screws. Ho turned this system into a sphere flattened 
at the poles and traced a thread on it with the fusee engine ; 
tracing first one half and the other after reversing the axis. After 
coiling and hardening the balance-spring on this mould ho 
removed the screws, divided the axis and removed the brass 
discs one at a time. 

Motel formed the core of twelve discs accurately fitted on 

49 
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a square axis and held together by a screw ; on removing the 
screw and axis these discs could he removed through the intervals 
between the coils. 

141 6i — To harden a cylindrical lalance-spriny . — The main 
element of success consists in a knowledge of the degree of 
heat best suited to the steel employed, and in the skill of the 
workman in applying the heat and in seizing the jireeise instant 
at which the object should be immersed in the liquid. It requires 
considerable practice in hardening to secure springs that are 
elastic, equally hard throughout their entire length, and that 
remain of a uniform white colour after the process. 

The usual practice is to suspend the block by an iron wire 
that traverses it and then to hod the block in animal charcoal 
in a tube or crucible which is placed on the fire. If it is possible 
to rotate the crucible so that the heating may be more uniform, 
all the better. When it has been raised to the requisite tem- 
perature, the crucible or tube is rapidly removed and placed by 
the side of a vessel containing oil and, by means of the iron wire, 
the block is quickly removed and dropped into the oil. If the 
vessel is not of considerable depth, the iron wire should he held 
in the hand and the block moved from side to side in the liquid. 
Some makers merely empty the crucible into the liquid contained 
in a vessel from six to eight inches deep. 

Observation . — The animal black should he free from im- 
purities and thoroughly dried, and the spring perfectly clean 
and dry ; neither should be touched by the fingers, for particles 
of the black would then adhere and occasion stains. 

1417 « — F. llouriefs method of hardening . — This has been 
already described in article 497 , page 285. 

lloteVs method . — Motel enclosed the sjiring, coiled on a 
platinum block, in an iron tube which was then filled with a 
mixture of 1 part of powdered burnt leather and 3 parts animal 
black, and he hardened in water. The springs prepared in this 
manner were extremely hard ; they were tempered on a block 
of copper slightly larger than the first. 

M. Boze's method . — He detaches the spring from the block 
before hardening and places it in a bulb of green glass which, 
after being filled with hydrogen, is hermetically sealed in a 
blowpipe jet. When heated to the requisite temperature the 
whole is thrown into water, the bulb breaks and the spring is 
cxjjosed without having been in contact with the air. 
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1418 #- — 2o clean and temper a cylindrical balance-spring . — The 
spring is carefully removed from the block, on which it is loose, 
having been lengthened by the hardening ; the metal is then 
jiolished on the inside by rolling it gently with a truly cylin- 
drical roller of hard wood, very nearly in the same manner as 
the inside of a cylinder is polished. Very great care is 
necessary in consequence of the brittleness of hard steel. 

The sjiring is next put on a smootli block. After fixing 
one end under the first screw, the block is rotated, at the same 
time gently pressing on the lamina so as to tighten it a little, 
and the otlier end is then fixed with the second screw. The 
sides of the spring are cleaned by liolding a piece of wood 
between two coils and rotating the block. And the external face 
is similarly cleaned by laying the wood fiat. 

If the hardening has been properly conducted the spring 
should be left perfectly Avhite, so that it is not necessary to 
remove any discoloration from the surface : dry rouge on wood 
will generally suffice in such cases, but otherwise very fine 
emery, etc., must be employed. 

When an iron or zinc polisher is used for the outer face of 
the lamina, there is a danger of removing more metal from 
some points than others, so that the progressive force, necessary 
for isochronism, is destroyed. 

When the entire surface is perfectly clean the balance- 
spring may be tempered : some stand the block upright on the 
blueing tray inverting it at intervals. Others su])port it on a 
rod that is caused to rotate while one end is in a fiarac ; and 
-others again roll the block on a very smooth plate previously 
heated to the requisite degree. 

These methods are not satisffxctory ; it is preferable to 
place the block in a metallic box which is set on a charcoal or 
turf fire that is not too hot but very uniform and protected from 
currents of air. Put a cover on the box and a piece of white 
steel on this, as a means of observing the progress of the 
operation. Or the box might be suspended above the fire and 
caused to rotate as in hardening mainsprings. 

One maker, after hardening the balance-spring, tempers it 
in oil which is heated to a temperature that experience indicates 
to be necessary ; on its removal the spring has a bronze colour 
which can bo removed in the manner above indicated if required, 
and the spring can be subsequently blued. 
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After being cleaned in pure alcoliol and dried it is ready 
for use. 

To make and harden a flat balancc'sprins. 

t419< — Formerly tlic flat balance-spring was made entirely 
by hand. Holding the steel wire loosely between the thumb 
and index finger of the left hand so that a small portion projects, 
the end of this is taken between the thumb of the right hand 
and a broach, the handle of which is grasped by the four fingers 
of this hand. With the two hands pressed together, the right 
hand, partially inverted, draws towards itself with a circular 
movement small portions of the wire, which is gradually coiled 
up by the semicircular movement of the right hand and the 
pressure of the thumb keeping the wire in contact with the broach. 

This work was generally performed by women who coiled 
the springs with extreme rapidity. After the wire was bent into 
a spiral form they placed it alternately on either face on a card, 
retaining it with the fingers of one hand and raising coils that 
were bent downwards by means of tweezers held in the other hand. 

14'30« — The above method is very seldom employed at the 
present day, being replaced by the following. A brass plate of the 
form shown in fig. 13, plate XIX., is perforated at the centre and 
hollowed out as though it wore a small barrel, except that the 
rim is cut through at several points. Another plate, which is 
not hollowed but usually cut away like the crossings of a wheel, 
is employed to cover the first-named plate, being held in position 
by the screw c. The two plates when together fit on to an 
arbor m, which is held by friction and can be removed when 
required. Tlie extremity n of this arbor is traversed by one or 
more grooves. One or more lengths of balance-spring wire are 
passed through the openings in the rim and the slits in the arbor- 
head, which is then rotated until the coiled up wires entirely 
fill the space between the two plates; the projecting ends of tho 
wires having been cut o:ff and tho arbor removed, the brass 
envelope containing the springs is placed on tho blueing tray and 
heated until a blue colour would be imparted to steel. One or 
more springs can be made by this method according to the 
number of wires employed, and the distance between tho coils 
will be determined by the number of balance-springs so made. 

The observation just made with regard to the distance 
between the coils is only tiue when they have been hardened or 
at any rate very highly tempered together ; for the bobbin wire 
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Is merely drawn tlirougli tlie draw-plate, in other words hardened 
hy a rolling action and the spring always opens out more or 
less on being removed from the barrel, all the more according as 
it has remained a less time in it or has been less highly tempered. 
It is a frequent practice only to coil one wire in the barrel on 
itself, and, on removing it, the coils will separate of their own 
accord. Drawn steel usually loses a little of its elasticity when 
tempered after coiling ; but its molecular state will be made more 
stable by the process. 

1431 « — To harden a flat lalance-spring . — Although the above 
explanations seem to be sufficient to enable a watchmaker to 
harden a flat balance-spring when ho finds himself imder the 
necessity of doing so, we will give a few further explanations. 

He may either harden a number at once contained in a 
small barrel as already stated, or they may be ])laced between 
two plain metallic discs that arc held together by a screw at the 
centres. The whole is covered with wood charcoal or fine aniinal 
black that has been carefully dried. Or a single spring might be 
placed at the bottom of a shallow tube and animal black sprinkled 
over it in such a manner as not to displace the coils. After 
hardening it will be only necessary to temper the spi’ing between 
two plates if any coils are out of flat, and a balance-spring of 
good colour will thus be obtained. 

Frederick Ilourict constructed a machine by means of which 
he cut a spiral groove in a platinum plate. In this he set the 
wire, subsequently hardening and tempei’ing it ; but, as will be 
evident, the method is wanting in facility of execution. 

If the spring is not of a good colour after hardening it must 
be tempered in oil, afterwards passed rapidly through dilute 
sulphuric acid in order to whiten it and again blued. 13ut this 
method must be practised ivith caution after several trials and 
in no case must the action of the acid be too rapid. 

ISalaucc-spriiigs of alloyed gold. 

1433 . — Breguet,* Houriet, and more especially TJ. 
Jurgensen and liis eldest son, employed gold balance-springs in 

* Brc?:uct was born in Switzerland in 1747 of refugee French parents and died in 
Paris in 1S23. Endowed with considerable ingenuity and a taste for complicated and 
rcmarkublo mechanisms, with ready wits and high patronage, this artist, in whose 
workshops the best workmen of Europe were employed, enjoyed during his lifetime 
more fame as a horologist than any other maker of tho present century. He was a 
member of the Institute of France although less learned than horologists that were cither 
.his contemporaries or predecessors, such as P. Le Hoy, F. Berthoud and A* Janvier* 
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tlicir chronometers. Jurgensen states that when they have been 
well hammered they will, after very considerable tension has 
been applied, accurately resume their original form and 
elasticity. He finds them advantageous in that they avoid all 
the cfFccts of oxydation and magnetization. It is undoubtedly 
true that gold expands more than steel and therefore requires a 
more marked compensation, and that it is heavier and would on 
that account be unadapted for use in pocket chronometers, 
owing to the fact that the spring would tremble more easily. 

Alloyed gold that has been made hard by hammering or 
rolling will become harder on tempering. It assumes the same 
tints as steel successively with the exception of blue which is 
replaced by a grass-green colour. 

Some temper it by immersing in boiling oil for a length of 
time that is determined by experience ; others place the block 
carrying the spring between two burning pieces of turf at the part 
where they arc reduced to white ashes at the surface ; the intro- 
duction of the block breaks them, so that it is immediately 
covered with the ash which must not be removed until quite cold. 

Springs that have been hardened in this manner will break 
just as steel springs and the hardness is all the greater as the 
proportion of gold is less. 

Another mode consists in enclosing the block carrying the 
spring in a tube, on the top of which is placed a piece of 
polished steel. The whole is heated in a spirit lamp and, when 
the steel assumes a blue colour, the lamp is e.xtinguishcd. 

A question has frequently been raised as to whether gold 
springs are preferable without any solution being arrived at. 
We would ask the two following questions of those who may in 
future occupy themselves with this subject : — Will the coefficients 
of elasticity of two laminse, one of alloyed gold and the other 
of steel, change in the course of time in different proportions ? 
— A steel lamina that is always in a state of vibration changes 
its molecular condition either with the lapse of time, or through 
the continued action of causes that are known or are still unknown j. 
is the same the case with a lamina of a gold alloy ? 

SPRINGING AND TIMING. 

ACCITBATE ADJESTHENT. 

1433. — The compensation balance generally employed in 
marine chronometers is shown at fig. 7, plate XXI. a a are- 
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the compensation weights, B n, the timing screws. The other 
screws, v v, are supplementary to the timing screws and facilitate 
the poising of the balance. 

Fig. 8 represents the ordinary compensation balance with 
screws, such as is employed in watches. There are twenty or 
thirty holes drilled in the circumference, which render it possible 
to set the screws in such positions as to give the reepisito 
degree of compensating effect. 

These liolcs are usually set nearer together as they 
approach the extremities of the arms so that when it is required 
to increase the compensating effect the greater number of the 
screws can be collected near these extremities. The two screws 
at the ends of the diametral arm arc timing screws. 

For accurate timing a watchmaker that does not reside 
near an observatory where the exact time can bo obtained, must 
know how to ascertain it by oljscrvation with the transit in- 
strument ; or, when only adjusting ordinary watches, by a 
meridian dial. 

Ho must be provided with : 

A good seconds regulator whose rate should be verified 
about every eight days. 

An oven for testing at elevated temperatures, and an ice- 
box for experimenting in the cold. 

Prepared sheets on which to record the rates. 

As well as several tools and instruments : — for fixing the 
watches in varying positions \ — ^for poising balances on their 
pivots ; — for trucing them ; — for making small metallic washers 
to adjust under the screws so as to increase their weight, etc. 
He must also bo provided with strong pliers with wooden 
handles to bo used for heating the terminal curves and shaping 
them when so heated. The curved faces of the pliers must not 
have any sharp angles and their curvature should bo rather 
more marked than that of the spring, since the latter opens out 
slightly on being released. 

Selection of a balance-spring. 

1424, After choosing a spring of the requisite strength, 

reo-ardino-’the number of vibrations per hour, and of such a 
thickness^hat its sensibility to variations of temperature approxi- 
mates as nearly as possible to that of the balance, the older 
horologlsts employed the “ elastic balance” to study the progress 
of its force (137»). This method is satisfactory and enables us 
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to select, Avith but little delay, a spring that approximately 
satisfies the required conditions; but at the present day, when 
no one does anything but copy or modify springs that experience 
has proved to be satisfactory, it is preferable to select a spring 
in accordance with the conditions indicated above and of the 
same form as one that has been tested, and to try it at once 
in the chronometer itself (fig. 14, plate XIX., represents an 
ordinary chronometer balance-spring). 

The spring having been selected is attached to the balance. 
If a noA^cl arransrement of clu’onomcter is under examination, 
the balance must be made light rather than heavy, in order to 
test the facility afforded for effecting the final adjustment by 
varying the total weight and moving the timing screws. 

A chronometer should be rated to Avhat is very nearly mean 
time ; by preference there should be a slight gain if the balance 
is at all light, and it is a good precaution to submit it several 
times in succession to temperatures about 0” C and CO” C in order 
the more expeditiously to bring all the pieces to a uniform 
molecular condition and to cause them to act regularly. 

1435< — ^When testing in heat and cold the temperature 
should bo made to alter gradually; sudden variations cause 
a deposition of moisture on the metallic surfaces. Moreover 
sudden dilatation will have the effect of weakening the metal 
at certain points, it Avill no longer be precisely in its initial 
condition and at times will not return to its original position. 

To test the isoclironism. 

1430. — The isochronism should always be tested at a 
constant mean temperature of about 15” C because the balance has 
not yet been adjusted to compensate and variations of tem- 
perature might therefore occasion changes in the moment of 
inertia of the balance from which erroneous conclusions would 
be draAvn. The arc of vibration is made to vary from 180” to 
about 540®. 

1437. — First consider the chronometer with eroincr barrel. 

o o 

Allow it to go in a horizontal position, with the mainspring 
fully wound up, so that the arc of vibration is a maximum, for 
12 or 24 hours. Observe its rate A'^ery closely, comparing it 
with a regulator that is accurately timed. 

The mainspring is now let doAvn so as to make the ampli- 
tude of the vibration less than it would be under ordinary cir- 
cumstances after a given lapse of time, three or four years or 
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even more, and the chronometer is made to go in the same 
position for a similar number of hours. 

If the rate is absolutely the same vrith the short arcs as it 
had previously been with the long arcs two extreme isochronal 
points have been found. 

But if not the length of spring must be modified in the 
manner indicated by the rates ( 1409 ), and the tests repeated. 

It will of coui'so be understood that if the length of the balance- 
spring be modified it will give rise to a gain or loss in the 
twenty-four hours; but with this gain or loss we are not 
concerned unless it becomes excessive, as it can bo counteracted 
subsequently by moans of the timing screws ( 14511 ). 

If the spring has no terminal curves, not only its length but 
also its diameter is modified ( 1405 ). 

If there are terminal curves it will only be requisite, when 
a slight modification is needed, to modify one of them. 

1438 i — ^When a balance-spring has been selected approxi- 
mately corresponding to the required number of vibrations in an 
hour and when two extreme isochronal points have been deter- 
mined, the isochronism of the intermediate arcs must be tested, 
gradually increasing them by small fractions: for, since the 
lamina is rarely quite homogeneous, equally hardened through- 
out, etc., if the vibrations successively tested differ by too great 
amounts from each other, errors may exist in an interval between 
two amplitudes that were duly examined. It must be remembered 
that there is occasionally a difference observable between tho 
progressive force of a spring when being wound up and when 
running down. 

1429.— Anotlrer method is resorted towlien experimenting 
with a fusee chronometer, which is however equally applicable 
to tho going barrel ; this mode consists in coiling a fine cord 
round the barrel drum and suspending a Avelghtto its extremity ; 
or tho following may be adopted : ^ ^ ^ ^ 

Fix the chronometer in a horizontal position after having 
fitted a pulley on to the winding arbor ; on this imlloy wind 
several coils of a fine cord which should be made to pap over a 
guide pulley, a weight being attached to its free extremity. The 
weights used are so graduated as to produce different amphtudes 
of vibration of tho balance. 

The weight of the balance depending, as we know, on the 
motive force, it will be necessary in the case of a chronomctei’ 
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of novel calliper to e.xpcrimentally ascertain the ratio between 
this weight and force, having regard to the conditions of the 
lift ; in other Avords experiment on variations of the three terms, 
motive force, weight of balance, and conditions of the lift. 

1430 . — Observation . — ^^Vhen the several conditions on which 
the action of the balance-spring depends arc suitably co-ordinated 
we shall have one that is perfectly isochronal ; but experience 
has demonstrated that a slight gaining rate in the short arcs is 
beneficial, since it helps to counteract the loss that time brings 
about in the rate of a chronometer when the arcs are shortened ; 
so that, instead of being absolutely isochronal, a balance-spring 
is needed that will occasion a slight gain in the short arcs ; and 
the amount of this gain should gradually diminish as we increase 
the amplitude of the vibrations. 

It is impossible to fix a priori the amount of this accelera- 
tion in the short arcs ; it depends on the form of escapement 
adopted. Earnshaw and Jurgensen made it six seconds in 24 
hours when arcs of 450“ were reduced to 300“. L. Berthoud 
and Motel never exceeded about three seconds as a mean. 

We have examined chronometers that had maintained 
excellent rates at sea where the acceleration was as much as 
eight or nine seconds and others where it was nothing. 

a general rule too much care cannot be devoted to the 
construction, setting in position and management of an isochronal 
spring, and it is only by a careful study of the projierties of 
curves and of the changes introduced in the rate by different 
modifications in their form, that the watchmaker can exjiect to 
be thoroughly versed in his subject and can master any given 
type of instrument (see articles 670 — 6 ). 

Adjusting by the Timing Screws. 

1431 . — ^In testing the isochronism it was only necessary 
that the chronometer went approximately to mean time. After 
the test is completed, the watch is made to keep exactly mean 
time by adjusting the timing screws : screwing them in so as to 
bring them nearer the centre of the balance if the watch loses, 
and the converse if it gains. The total weight of the balance is 
of course maintained unaltered by this adjustment. 

If needful this weight can be increased or diminished by 
adding or removing screws near to the timing screws; that is to 
say in that part of the rim that remains practically unaffected 
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by variations in the temperature. A moderate change in the 
weight will have no appreciable cfieck on the isochronism. 

To adjust the compensation. 

14^3. — The bi-mctallic arcs must be so far sensitive to 
variations in the temperature that tlicy arc not behind the 
balance-spring in undergoing change. They should be broad 
and of moderate thickness rather than narrow and thick. The 
precise thickness must depend on the amount of clastic reaction 
that is to bo anticipated as well as on the influence of centri- 
frugal force in tending to open out the arms in the long arcs. 

Balances usually have two bi-mctallic arms but they arc 
also occasionally made with three and four arms. The latter 
have the advantage of occasioning a less amount of loss at 
extreme temperatures ; but, as M. liodanet observed, they 
necessitate the use of a brass containing more zinc since other- 
wise the compensating effect is insufficient. They are also more 
difficult of construction. 

After carefully timing the chronometer at some mean 
temperature (say 15» C or G0» F) it is generally subjected, for 12 
or 24 hours each, to the extreme tcmperatur(>s 0° C (32® F) 
and 30® C (8G“ F), or only to 5® C (41® F) and 30® C. 

If the instrument gain in the heat and lose in the cold it 
is over-compensated ; the weights must then bo moved back- 
wards, that is to say towards the fixed ends of the bi-metallic 
strips. For the weight will then be in such a position 
that it is moved through a less distance, and the amount of 
compensating effect will be proportionately less than that 
previously observed. 

An opposite movement will be required in the converse case. 

1433 , This method is sometimes found to be insufficient 

and it may become necessary to replace the weights by others 
that are heavier or to diminish them materially ; this will 
involve a corresponding inverse change in the weight of the 
timin" screws. If oiving to those several alterations it becomes 
necesSiry to alter the length of balance-spring or change it in 
any other way, the timing must be done entirely over again. 

The adjustment of the compensation in a chronometer that 
is simply copied from one that has already been experimented 
on is a matter of great delicacy; it may be judged then how 
difficult it is to devise an entirely new calliper. 
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If its compensation is not perfect a chronomotor becomes 
•useless for tbo purpose of scientific observations. 

Tlmiog: in the four Positions. 

1434 . — Tlio object of tins proceeding is to verify the 
poising of tlie balance and to ascertain how far a cliange of 
position modifies the isochronism and compensation. 

The balance cannot possibly be accurately poised in all 
positions if the pivots and pivot-holes arc not perfectly round, 
and the poising will be modified with a change of temperature 
if tlie two arms do not act identically ; as will be the case when 
the metals arc not homogeneous, when one or both arms have 
been strained owing to want of skill on the part of the workman 
or careless work, etc. 

^ After accurately timing the chronometer in a vertical 
position with XII uppermost, a position which may bo indicated 
thus make it go for 12 hours in the position ^ and the same 
number in the positions and Observe with care both the 
rates and the amplitude of the arcs and note them down. 

Assuming the pivots and pivot-holes to be perfectly round 
and in good condition and that the poising of the balance has 
been previously tested with care by tlie ordinary means, if the 
variations in the four positions are slight the poising may be 
regarded as satisfactory. 

^ 1435 . — As a general, but not invariable, rule, a loss in one 
position on the rate observed in the inverse position may be 
taken to indicate that the weight of tlie ujiper part of the 
balance is excessive when it does not vibrate through an arc of 
360“ or the lower part if the amplitude exceeds this amount. 
Independently of the balance this loss may bo occasioned by: 
excessive friction of the pivots duo to a too great pressure owing 
to the calliper being faulty, or to a distortion of the balance- 
spring causing its centre of gravity to lie out of the axis of the 
balance. If these influences become at all considerable their 
correction wdll be beyond the power of the isochronal balance- 
spring and indeed it will bo impossible to counteract them. 
The very many designers of callipers who have neglected to 
study the law’s of mechanics would do well to take warning 
from these facts. 

1436 .— -With a given strength of mainspring differences 
m. the arcs in the four positions indicate moreover that the 
resistances differ, but the cause, of this fact is not always easy 
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to discover. Besides differences in the distribution of tlio weijrlit 
and in the position of the centre of gravity of the balance- 
spring, which may be either above, below, or on one side of the 
axis, it must be remembered that in one position the escape- 
wheel Hfts the balance and so reduces the pressure of its pivots, 
whereas on inverting the instrument the wheel increases this 
pressure; and, in addition to this, the action of the balance- 
spring will be more or less opposed to the action of the wheel 
at this instant and will increase the effect, etc. The position of 
the points of attachment of the balance-sjiring without terminal 
curves must then not bo left to chance in the case of portable 
timclvccpevs, nor even when terminal curves exist tliat are not 
rigorously in accord with theory (1405). 

1437. — It is only by .an intelligent study of the subject 
that a judicious combination of these various elements or effects 
can be arrived at ; that is to say, such a combination that the 
variations in positions shall not exceed the amount that the 
isochronism of the balance-spring may bo expected to counteract ; 
for in getting some advantage from it we must not exact too much. 

The verification in the four positions should lirst bo made 
at a constant mean temperature for the purjiose of testing the 
poise of the balance and of studying the friction, pressure, etc., 
by observations on the amplitudes of the arcs. Subsequently 
they may be repeated at the extreme temperatiu’es in order ta 
ascertain that the poise of the balance is maintained and to see 
how far the friction, etc., are moditied by a change of temperature. 
Timing in vertical and liorizoiitnl position^.. 

143S.— Our object is to give some useful indications as to 
the best fonns of pivots, of the sides of the pivot-holes, etc., for 
maintaining the rate of a watch unaltered when moved from a 
vertical to a horizontal position or vice versa. 

The intensity of friction is proportional to pressure and 
independent of the amount of acting surface (37 to 41), and 
therefore it can only vary with -whatever occasions the pressure ; 
but it is important to take account of the resistances due to 
differences in the radii of friction, to the adhesion and to the 
thickening of oil, which arc proportional, the first to the lengths 
of the radii and the others to the extent of surfaces in contact. 

If we consider the two cases of the axis being horizontal 
and vertical, Ave see that : in the first case the friction at the tvA'o 
pivots takes place between two curved surfaces of the same 
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radii as tlie pivot, and, in tlic second, the friction occurs on the 
surface of a disc more or less flat whose greatest radius is equal 
to that of the pivot and it gradually diminishes from the cir- 
cumference towards the centre. On investigating the nature of 
the friction in the two positions we observe that: (1) the 
frictional surface is almost always of greater extent when in the 
horizontal position; (2) in this position, even if the acting 
surface is the same as when vertical, the resistance will be 
greater ; for the friction all occurs at the extremity of a long 
arm whereas in the other position the radius of friction 
diminishes up to a point at which it is zero ; (3) the resistance 
due to adhesion between the oiled surfaces is always greater in 
the horizontal position. 

1439t — Assuming there to be a progressive increase in the 
weight of the balance, we see that, if when the axis is vertical 
the resistances increase in proportion to the weight, they will 
increase in a more rapid ratio with the axis horizontal, and we 
can thus explain the fact, to which Jurgensen drew attention, 

that when the balance is too heaw the watch is difficult to 

•/ 

time in the horizontal and vertical positions, as well as the 
following observation of F. Berthoud :* ‘‘ If the motive force 
of a watch is too great in comparison with the force exerted by 
the balance, the watch will gain in the horizontal position and 
lose when placed vertical.” It must be borne in mind that, as 
we have already demonstrated in articles 047 — 051 and in 
000 , the force exerted by a balance varies in a different pro- 
portion from the motive force (1353). 

The weight and motive force, then, cannot be fixed upon 
arbitrarily. By making them vary a combination will be arrived 


* Ferdinand Bcrtlioud was a Swiss liorolo;;ist, born in 1727 and dying in 1807, 
and he came to Paris at the age of 19, never afterwards leaving it. His technical 
training was matured and perfected by contact with the great masters of that day, of 
whom he subsequently became a rival. So far from having invented chronometers^ as 
several of his biographers have asserted, he had no success whatever in the art of the 
chronometer-maker until he adopted the recommendations of P. Le Eoy, after having 
been so dishonest as to endeavour to appropriate several of the most important dis- 
coveries of tliat famous horologist. Although wanting the intuitiveness of true genius, 
F. Berthoud was possessed of a very extensive knowledge, and real talent coupled with 
indefatigable energy ; these are sufficient to explain and justify his great reputation. 
He published ten quarto volumes in which unfortunately valuable work is too often 
ruined by contradictions and assumptions, such as a modern writer has with some 
reason termed “ musings in mechanics.” Althcugh these criticisms are abundantly 
justified, Berthoud did much valuable work and his name will therefore long remain 
•one of the glories of the horological art. 



M. PHILLIPS’ EXPERIMENTS. 


783 


at "which gives a very slight difference of rate in the two posi- 
tions although the motive force vary considerably (of course 
assuming the balance-spring to be well adapted to the balance). 

In the above discussion of the subject we have ignored the 
very slight amount of friction at the circumference of the pivots 
when the axis is vertical and of their extremities when it is 
horizontal, as well as the effects of capillarity, which are unim- 
portant except in the case of small light balances. 

1440 . — The resistances above referred to are equalized by 
chamfering the pivot-holes and making the ends of pivots per- 
fectly flat ; hut it should not be forgotten that, when the acting 
surfaces are too small for the pressure they have to support, they 
force the oil away and show signs of wear in a comparatively 
short time. 

1441 . — Changes in the rate on changing from the vertical 
to the horizontal position may also arise from the following 
causes which have been already in part enumerated in articles 
1434 — 7 on timing in the four positions, and several of the 
paragraphs are applicable in the present case : 

(1) The action of the escape-wheel , which is different accord- 
ing as it tends to raise the balance-staff’ or to force it laterally ; 
(2) a balance-spring that starts to one side and so displaces its 
centre of gravity ; a balance that is not well poised ; pivots or 
pivot-holes that are not perfectly round, faults which although 
of but little importance in the vertical position of the balance- 
staff become serious when it is horizontal ; (3) the more marked 
portion of the friction of the pivots may take place against sub- 
stances of different degrees of hardness in the two cases, the end- 
stones being frequently harder than the jewels. 

In this case then the conclusion is tlie same as in article 
1437 j and we would add that, when necessary, wo can in part 
employ the method of article 431 . (See The Watchmaker’s 
Handbook.) 

€0!VCLIID1NG OBSEBV-lTIOXS ON TIMING, 

Timing in inclined nnd vertical positions. 

|442._A defective poising of the balance, which is insen- 
sible or nearly so when the staff is vertical, becomes more and 
more apparent as it is inclined towards the horizontal position, 
where the variations due to bad poising attain a ma.ximum. 

M. Phillips has demonstrated, in a Memoir presented to the 
Academy of Sciences, that the amplitude of vibration of the 
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balance that reduces tlie variation in the rate due to imperfect 
poising in the various inclined positions to a minimum is 
439" 28', or, in round numbers, 440"; rather less than one turn 
and a quarter. The following table gives the results of his 
experiments : 


Number of 
Aiiparalus. 

1 


Number of 
Experiment, 

Amplitude of the 
vibrations 
of the balance. 

Maximum variation 
in the daily rate 
according: to the 
inclination of the 
stnff. 

I 

( 

1 

270" 

234-0 

seconds. 

I 


2 

440° 

3*0 

yf 


( 

o 

i> 

480° 

32*2 

?> 


( 

1 

270° 

8C1-0 

>» 

II 

1 

2 

440° 

12-0 



( 

o 

U 

455° 

73*0 

99 

1 

( 

1 

200° 

532*8 

99 

III 

\ 

✓ 

/ 

o 

O 

410° 

4 70° 

21*0 

105*0 

99 

99 


( 

4 

300° 

185*0 

99 

i 

1 

( 

1 

800° 

138-4 

99 

; IV 

j 


410° 

C-3 

99 


i 

o 

475° 

57-3 

99 

i 


1 

105° 

122-7 

99 

V 

■ ] 


llO*^ 

3*3 

99 


1 

3 

530° 

122*4 

99 


It will be well, in the case of pocket chronometers, to 
approximate as near to this number of degrees as the other 
conditions tliat liave to be satisfied will permit; but the im- 
portant conclusion to be drawn from M. Phillips’ demonstration 
is that it proves to us that, since the arc of 440“ is the least 
sensitive to defective poising, we must carefully observe the rate 
in various positions when the amplitudes differ materially from 
this amount ; for otherwise the maker might conclude that the 
poising of a balance is perfect when in reality it is very deficient 
in tliis respect. 

Deviation firom perfect isockrouism after a time. 

1443 * — ^Metals that have been worked, that are constantly 
vibrating or are subject to friction, generally require a certain 
tinm to elapse before they arrive at a condition that is practically 
permanent. A new watch that is accui’ately timed in the first 
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instance is rarely so a year afterwards ; a fact that may be 
easily verified by testing the rate. 

Asa general rule in new instruments the isochronism of the 
balance-spring will, even after the lapse of only a few months, 
be partly neutralized by changes in condition cither of the 
balance-spring itself or of other parts. During the first year 
this spring is frequently under the influence of such forces as 
that of crystallization (at least this is the opinion of very many 
authorities), and they give rise to a progressive gaining rate of 
the chronometer ; this gradual increase ceases after a time ( 1 ;} 3 ' 4 ). 

On accelerating: tbc short arcs. 

1444. — The older chronomctcr-makcrs ascertained that 
a considerable number of marine chronometers, provided with 
perfectly isochronal balance-springs, were characterized after a 
time by a slightly losing rate ; that is to say when the arc of 
oscillation was somewhat reduced. They attributed thia 
retardation to a falling off in the clastic force of the balance- 
spring and to the thickening of oil , two causes which in their 
opinion would be competent to make the rate of movement 
slower in the short arcs notwithstanding the isochronal spring. 

An increase in the resistance at the pivots has, in other words 
the effect of counteracting or rather masking the isochronism : 
this can bo demonstrated in most chronometers that are pro- 
vided with perfectly isochronal springs by observing their rate 
in the vertical and horizontal positions before they have been 
adjusted for positions ; they will lose in the short arcs when 
vertical, and the retardation will bo the more marked as the 
temperature is lower. 

1445. — The explanation given above of the observed facts 
docs not seem to us satisfactory for several reasons. 

(1) Marine chronometers do not vary their position, they 
have heavy balances, fine pivots, and, when the holes are well 
made, the oil does not offer any appreciable resistance to the 
pivots, for it remains still fluid at the end of two or three years 
(but it will be easily seen that such is not the case in the train 
on which depends the energy of the impulse). 

(2) The same cause must always produce similar effects ; 
but how can we explain an observation that has been made on 
numerous chronometers which have maintained perfect rates 
when at sea ? In some the isochronism of the balance-spring 
was absolute whatever the arc of oscillation; in others the 

50 
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acceleration of the short arcs over the long arcs varied from 3 up 
tb as much as 9 seconds in 24 hours. This circumstance has 
led some watchmakers erroneously to conclude that isochronism 
is not of much importance in the timing, for, although it may 
not be the one and only mode of adjustment, without it a 
chronometfts is not worthy of the name. 

We shall then, until the contrary is proved to be the case, 
continue to regard it as necessary in certain chronometers to 
accelerate the short arcs for the reasons already given in articles 
607 , 647 to 656 , and 674 ; but, in a question that is so novel 
and so complicated, our hesitation will be easily understood. 

On tbe loss In the long arcs ivith a theoretical 
balance-spring. 

1446. — ^In the operation of springing and timing chrono- 
meters as practised at the present day, the makers try the 
terminal curves until the isochronism is such as experience has 
shown to be best. They take account, more or less unconsciously, 
of the modification caused in the progressive velocities of the 
vibrations by the impulse and by the centrifugal tendency, in 
consequence of which the bi-metallic arcs open out in the long 
arcs, and it generally results that the eurves actually adopted in 
practice differ materially from the theoretical curves. This 
observation, which is at once deducible from a recent communi- 
cation to the Academy of Sciences to bo again referred to, 
explains many cases of want of success in applying the theoretieal 
terminal curves. For, to realize absolute isochronism of the 
balance-spring, its resistance should increase in proportion to the 
angle of movement (a fact that can be easily verified with a 
detached uncut balance). But, since the compensation balance 
opens out in the long arcs, its moment of inertia varies, and, 
the elastic force of the theoretical spring not increasing in pro- 
portion to this accidental increment in the moment of inertia, 
it follows that the long arcs will lose on the short arcs by from 
10 to 12 seconds in 24 hours. 

But, as has been very properly observed, this is not, as in 
the preceding case (1430) an acceleration of the short arcs due 
to the lalance-spring, but rather a retardation in the tony arcs due to 
the haJance, by no means the same thing. In the case we 
have already considered, namely that of a retarding influence 
that had to be avoided, it would be necessary to still further 
increase the accelerating effect of the balance-spring. But such 
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a condition, with most of the balances actually in use in marine 
chronometers, would render the seeming of a good rate difficult ;* 
and several of our best chronometer-makers have had failures 
in consequence of this fact which they did not foresee. 

1447 # A balance-spring of the theoretical forni will not 
secure, in a marine chronometer, all the advantag^ \hat the 
profound memoirs of M. Phillips would justify us in anticipating, 
unless the compensating balance is more rigid than those em- 
ployed at the present day. 

But this is not the case as regards pocket chronometers ; the 
balance is lighter and opens out very little or not at all, and we 
can thus secure isochronism in the long and short arcs without 
any material variations when the balance-spring is provided with 
the theoretical terminal curves. 

It follows from the preceding considerations that the form 
of the compensation weights is of importance ; it should be such 
that the air influences them in a contrary direction to the 
centrifugal force. Weights that cut tlie air more easily, for 
example ovals, would thus give rise to a somewhat increased 
retarding effect in the long arcs. 

Equalioii to express the loss at extreme temperatures. 

1448 . — It has been shown in paragraph 1357 that, if a 
chronometer is adj usted so as to give the same daily rate at two 
extreme temperatures, say 0" and -I- 30" C, the rate will be 
different at any intermediate temperature, and its maximum 
variation will bo found at the intermediate temperature + 15° C, 
where it will possess, relatively, a gaining rate. 

The difference is not the same for all chronometers, but 
may be reckoned to be, on the average, equal to about two 
seconds on the daily rate. Thus, if the daily rate is + 3" at a 
temperature of + 15" C, it will diminish whether the temperature 
rises or falls and will become + P at either 0" C or -i- 30" C. 

We arc indebted to the elaborate researches of an engineer, 
M. Lieussou, for our knowledge of the law governing the 
variation in the rate, a variation which is proportional to the 
square of the difference of temperatures T and t. 

Let m be the rate of a chronometer at any observed tem- 
perature, t ; T, the temperature at which the clironometer has 
its maximum gaining rate ; a, the daily rate at the temperature 
T ; c, a coefficient representing the change in the rate when the 
temperature varies from t to t db 1". 
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Knowing the rate a, the temperature and the coefficient 
c, we obtain the rate m from the following equation :* 

m = a — c (t — tf 
TIMING OF ORDINARY WATCHES. 

It is convenient to draw a distinction between timekeepers 
of novel construction, etc., which have to be adjusted for 
temperature and in various positions, and a watch that has merely 
been cleaned and requires to have its index set in the proper 
position. Wo will, then, consider these two cases in succession. 
Adjut/sting of watches for temperature and in the horizontal and 

vertical positions. 

1440 . — The order of procedure is similar to that followed 
in the adjustment of marine chronometers except that less 
minute care is needed and we count not by fractions of a second 
but by two or three seconds or even more in 2-1 hours. 

Adjustment for temperature . — A manufacturer that is desirous 
of producing a pattern watch with, say, a cylinder escapement, 
should test his new calliper at different temperatures, varying 
the relations between: the length of balance- spring ; the weight 
and size of balance ; the dimensions of the cylinder (on which 
will depend the diameter of escape-wheel) as compared with 
the diameter of balance, this being the one logical starting-point ; 
the size of pivots. He will select the set of proportions that secures 
the least variation on changing the temperature and the position. 

It will bo clearly understood that by this means wo only 
secure an approximate and spurious isochronism, as has been 
already observed in article 1410 , since it is the resultant of two 
elements of which one is irregular. That is to say, whatever 
inconvenience may arise from the too rapid rate of increase in 
the force exerted by the coiled up balance-spring in the long arcs 
must be practically counteracted by the increased resistance of 
the pivots due to the lateral pressure exerted by the balance- 
spring and the escape-wheel tooth. These influences are still 
forther modified by the friction against the cylinder, a friction 
which is proportional to its diameter ( 350 , etc.). 

Lever watches are much benefitted by applying isochronal 
balance-springs, and, when the amplitude of oscillation of the 
balance does not exceed one turn or one turn and a quarter, they 

• Mr. J. Hartnup, of the Bidston Obserratory near Liverpool, adopts the same 
formula, and has for many years past employed it in tabulating the errors of marine 
chronometers .^Tb. 



RAPID TIMING. 


7S9 


be timed very accurately with a flat spring. If the ampli- 
tude of the oscillations is greater and we have only a limited 
thickness, a Breguet spring is used (1411). 

1450> — Ordinary adjustment for position (pocket watches), — 
If the adjustment for position cannot be made sufficiently perfect 
by modifying the form of the ends of the pivots, the thickness 
•or the chamfering of the j ewel-holcs, the inner coil of the balance- 
spring or its length, replacing it by another of the same strength 
but of greater or less length, we can have recourse to the method 
indicated in article 431. (Sec also The Watchmaker’s Handbook.) 

But it must be borne in mind that the method of article 
431 can only be safely employed when the extent of vibration 
is always cither greater or less than 3G0“. If it were in the first 
instance greater and became less after a time the effects as regards 
loss or gain on the rate, although such as required at first, would 
afterwards be found to be reversed. 

1451. — Adjustment with conical pivots. — The pivots here 
refen’ed to are of the form shown at b (fig. 40, page 330), They 
should be very fine at the extremity and if the friction is exces- 
sive with the watch hanging, the jewel-hole cups being already 
made as deep as possible, it will suffice to slightly alter the form 
of the pivot with a polishing zinc and rouge without touching 
the fine extremity. The pivot will then become rather less 
<jonical and its surface of contact will be somewhat diminished. 

If on the other hand it is advisable to increase the frictional 
surface when the watch is horizontal, it will only be necessary 
to imperceptibly shorten the pivots and make the cone lather 
more obtuse, diminishing it towards the point. 

This form of pivot is objectionable in that: (1) it only 
allows of a very slight end-shake of the balance-staff, since other- 
wise the pivots would have too much play in the holes and one 
or the other pivot would shake about ; (2) only a small quantity 
of oil can be maintained in the holes and it dries up rapidly. 

145«. Other methods . — Some makers have endeavoured to 

adjust a watch for position by more or less sloping the ends of 
pivots, so that, when the watch is horizontal, the resistance may 
be applied at the greatest possible distance from the axis. 

Huchemin suggested, with a view to equalize the resistances 
in the two positions, to set the endstones in movable plates 
slightly inclined to the balance-staff, the degree of inclination 
being modified as required. 
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We shall not discuss these several methods, as their wcah 
point, the production of a variable friction, will be evident, and 
they are condemned both by theory and experience. 

To promptly regulate watches and clocics after repair. 

1453 . — This operation cannot legitimately bo termed tim- 
ing, since it merely consists in re-determining the length of 
pendulum or the position of the index for a timekeeper after it 
has been cleaned. 

The methods indicated in articles 433 — 9 can be resorted 
to for quickly restoring the rate of a watch, and the watchmaker 
who adopts them from the first wij^ find them very easy of 
application. 

The comparison balances can be replaced by small pen- 
dulums with spring or knife-edge suspensions that have the 
same number of oscillations, taking care when employing them 
not to place them too near to the balance for fear of contact (it 
would be better to mount the pendulums on fine pivots, the 
axes caiTying two opposed spiral springs) ; or larger sized 
pendulums can be used, the number of whose oscillations is an 
exact sub-multiple of the vibrations of the balance. 

As an example, let a seconds or half-seconds pendulum be- 
arranged so as to give a sharp distinct tick, and placed in front 
of a balance beating 18,000 vibrations per hour. If now the two 
be brought into accord, each fifth beat of the watch balance 
should correspond to a single vibration of the seconds 
pendulum or a double vibration of the half-seconds pendulum. 
The observer should count successively 1, 2, 3, 4, 5 ; 1,2, 3, 
4, 5 ; etc. 

A clock can bo promptly regulated by the same means and, 
since the number of oscillations is less than in a watch, the 
operation of counting will be proportionately easier. At the 
present day the escape-wheels in clocks nearly always make 120 
turns in an hour ; and the requisite number of oscillations is 
very easily calculated. 

The adjustment can be effected with still greater facility by 
employing Guilmet’s synchrometer ^ described in the Watchmaker's 
Handbook. It has the advantage of enabling us to set the balance 
to correspond with the period of oscillation of the pendulum, 
etc., before the movement is taken to pieces, without the trouble 
of counting the vibrations, and, after the necessary repairs have- 
been effected, it is only needful to re-establish this agreement. 
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mstramont might bo employed for aditisting 
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Note on the measurement of the half-shell of a cylinder. 

1454 .— We have explained in article 504 the construction 
of a compass for measurin;^ the half-shell of a cylinder and 
giving 7/12ths of the total diameter or approximately so. These 
data are quite sufficient for ordinary purposes, but for the benefit 
of those who arc interested in the theoretical dimensions, and 
who will not be content with this degree of approximation, we 
would add that the proportion 21 to 30 corresiionds in round 
numbers to 199® of the entire circumference, and the proportion 
20 to 36 corresponds to about 1 93“. The first of these would give, 
after the smoothing of the surface, as nearly as possible 190". 

Those who are desirous of calculating the width of the 
half -shells that correspond to various angular openings and who 
are not accustomed to the trigonometrical methods, can easily 
ascertain them by the aid of a table of chords such as may be 
found in several works on geometry. The sine of an arc 
( 1201 ) is equal to half the chord that subtends an arc of 
double the amount. (See the Watchmaker’s Handbook.) 

Note on the use of models for demonstration. 

1454 (b). — In performing mechanical experiments the 
relations between the velocities should bo carefully observed, 
but more especially is it necessary to take account of the loss 
of force due to impacts, etc. Thus in the experiment described 
in article 650 , the force exerted by the weight in virtue of 
gravity is 4, but its effect is only represented by 2 ; the differ- 
ence being lost in elastic reaction, etc., and the loss is all the 
greater as the lever is made more elastic. Those who may be 
desirous of repeating our experiments or of making others 
similar to them should be careful not to draw absolute con- 
clusions from them unless they arc sufficiently versed in the 
subject to be able to take exact account of all resolution or 
dissipation of force, etc. 

It is only by a thorough study of the laws of mechanics 
in its widest sense, after the manner of P. Le Roy and Graham, 
that the horologist of the present day can hope to make any 
real progress. 
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CoucludinK Remarks. 

Ill concluding this Treatise on Modem Horology in Theory 
and Practice we can but express a hope that it may serve the 
purpose for which it is intended , namely, to place theoretical 
instruction together with practical results thoroughly established 
by experiment within the reach of manufacturers and all others 
interested in the subject. 

But in order that it may continue to be regarded as a 
standard and exhaustive work of reference it must be kept 
abreast wdth the discoveries that are made in our industry as 
well as the changes introduced into practice. 

New editions of so largo a work would bo objectionable in 
that they would diminish the value of those already in existence. 
The Treatise will therefore be completed by the publication 
from time to time of supplements, containing such additional 
and novel information as appears necessary to maintain the 
character of the work; and w^e would invite our readers to 
communicate any suggestions with reference to these sujiple- 
ments, which shall receive due consideration. 
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FrBTnEK EO^WSIDESATIOATS ON TIMING. 

To ascertain true time. Daily rate. Error. Eccord of rates. !Mode of counting. 

Oven, etc. 

1455. — To ascertain true time . — For general purposes a meridian traced 
out with ordinary care and tables of llie (Mpiation of time will suffice ; but for 
accurate timing the tables published in the Xantical Almanac must be 
consulted. If an observatory is not accessible the time of transit of the sun 
4)r a star across the meridian must he ascertained by means of a sextant or of a 
mural circle firmly fixed to some immovable foundation, etc.; for it is important 
to be able to test the invariableness of the rate of even good regulators every 
eight or ten days. Works on Astronomy give full explanations of the mdthod of 
employing these instruments and the opticians that deal in them may be 
applied to. 

145G. — Limits of accuracij , — A variation of 1 second a day in the rate of a 
chronometer would correspond, in 30 days, to an error of ^ a iniimte of longitude 
in time ; or about 8i miles at the ecpiator, where the error would be of the greatest 
moment. Such an amount of variation is generally only the result of an accumu- 
lation of daily errors, for in astronomical regulators and good chronometers the 
'difference between one day and another is not more than hundredths of a second. 
Eapid changes are very rare since such instruments are not subjected to sudden 
alterations of temperature or position when in use. 

Daily rate . — The daily movement of the earth takes place in 24 
hours of mean time, or 8C,400 seconds. The daily rate of a chronometer would 
then be accurately represented by this number if it went exactly to mean time, but 
that could never be the case except momentarily. The timing always leaves a 
slight difference which may be cither a gam (-f ) or a loss (— ), and we therefore 
have ; 

Daily rate == 80,400" ± a fraction of a second, 
and, if we assume there to be a gain of 0*2 second, we have, 

Daily rate == 8G,400 + 0*2 seconds, or simply = -f 0*2" 

Error . — This is the difference between the time as indicated by the 

chronometer and that taken from the local regulator, so that the error varies with 
every change of longitude. Assume a chronometer to be brought to Greenwich 
from a place whose local time is 20 min. 3 sec. in 24 hours behind Greenwich 
4ime, we shall have the error == — 20' 8". 
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1459. —Record of The following represents a mode of rccordinj 

the behaviour of a chronometer. 

Chronometer No. 61. 


Pate. 

1869. 

Error as compared 
with the regulator. 

Daily Rate. 

Remarks. 

Thermometer. 

March. 

1 

+ 3' 

5"-2 


. . . • 

10'‘-4 0 

2 

+ 3' 


— 0''*9 

norizontal position. 

n°-2 

3 

+ 

2^*2 

— 2"-l 

„ in oven. 

X 

4 

+ ♦> 

3'*8 


»» »» 

6 

GO 

5 

1 o' 

+ o 

f>"-0 


Vertical position. 

11°8 

C 


C"-3 

•f 1"‘3 


9°'3 


The mean daily rate for a number of days is obtained by adding together the 
several daily rates and dividing by their number, having regard to the sign 
(-h or—). 

14G0 , — English chronometers that are submitted to the Greenwich trials 
are exposed during about six months to temperatures varying from C (32° F) to 
38° C (100° F), the rates in different positions as referred to the meridian being 
recorded in order to ensure that the instruments arc not subject to magnetic 
influence. Their order of merit is determined by a trial number obtained by 
adding the difiercncc between the greatest and least weekly rates to twice tho 
greatest difference between one week and the next, double weight being given to 
this last source of error since it is of greater importance : it will thus be seen that 
the best chronometers arc characterized by having the least trial numbers. The 
Admiralty then purchase such instruments as are required for the service of the 
Government on the results of these trials. 

14G1 , — Method of counilng , — Fractions of a second may be determined 
by counting the vibrations or the movements of the hand carried by the fourth 
wheel. Since the escapements of chronometers have one beat dumb, for 4, 6, and 
6 vibrations a second wc have 2, 2i and 3 beats corresponding to 1/2, 4/10 and 
1/3 of a second. Continue counting lor example from a coincidence until a beat 
of the chronometer coincides a second time with one of the regulator, and this 
will then correspond to a difference of one second. Dividing tlie number so 
obtained by the number of seconds that have elapsed we shall determine the 
difiercnce per second, etc. (See article 1453*) 

14G3. — Ovm for tests at elevated temperatures , — The watchmaker can 
easily arrange for himself a small oven that will suffice for nearly every case. One 
form is represented in fig. 3, plate XXI. (the portion from h to b* being shown in 
vertical section). 

In a well-made w’oodenbox b b* about 10 or 12 inches in height and diameter, 
which is open at the lower end b* and closed by a lid A, is placed the box d d fixed 
at its upper end in such a manner that it is surrounded by an open space a a. 
This inner box is closed by a lid which is fitted with a pane of glass. Within the 
box is placed a thermometer and a small table t, on w^hich the watches to be tested 
are placed. 
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The outer case is closed at s 2 by a sheet of iron or zinc and below this is a 
coarse wooden screw passing through the cross-bar y and forming a support on 
which to place a lamp that can Urns be raised or lowered at will. As wc liave 
already indicated, the lower portion of the outer case is open at the front or sides 
but it ought not to be exposed to air currents. 

The thermometer in the interior of d d is so arranged that by raising the lid h 
its indications can be read through the glass in the lid c. Some chronometer-makers 
place the thermometer outside, and the tube is bent so as to bring the bulb inside 
the box d d ; but the adjustment in this case requires some care and precautions 
which are usually unnecessary when testing watches. 

It will be evident that the box d d, isolated in the middle of the vessel b V, is 
completely surrounded by air which is heated by contact with the plate z z. If 
required, the interval between the two lids c and h may be filled by a cushion, and 
a few holes lightly closed by corks may be made in the lower portion oia a if any 
inconvenience is anticipated from dilatation, but as a rule such a precaution is not 
needed. 

Some makers form a small oven of tin boxes inserted one in the other in a 
manner similar to that above described. Such an arrangement may be enough 
for their puiposes, but it should not be forgotten that metal is a better heat- 
conductor than wood. 

These details will enable any watchmaker to construct an oven for himself at 
a trifling cost ; and he can modify or improve it so as to be available for the most 
accurate timing, since the problem to solve is merely this : to gradually produce 
temperatures that arc more or less elevated and can be maintained constant for a. 
sufficient length of time. 

Generally an oil-lamp is employed, but for a small oven a night-light will suffice. 

1463 , — ^The icebox for trial in the cold is almost of the same form, but the 
circular space a a is larger so that a sufficient quantity of broken up ice can bo 
introduced to completely smTOund the box d d, which had better be made of zinc. 


SEPkATER WITH FIXED STAB-PIECE. 

1464 * The mechanism employed in a repeater w^atch is described in most 

works on Horology ; we shall, therefore, here only draw attention to certain 
modifications that have been recently introduced in it. They consist in making 
the centre of the star stationary whereas in the ordinary repeater it is capable of a 
movement of recoil, and in certain changes that this modification renders necessary 
in the gathering rack and the all-or-nothing ” piece. 

The following is a description of this new system. 

The star b (fig. 1, plate XVII.), in place of being carried by the all-or- 
nothing piece, is mounted on a stud fixed in the plate of the watch. 
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The rack n, with a centre of movement at w, carries a finger d moving on a 
screw and is provided with an attached arm n which moves freely in a groove in 
the plate. The screw V is screwed into this arm and passes through a slightly 
■elongated slot in the body of the rack that extends under the piece n, and a pin, 
fixed perpendicular to the rack, passes freely into another rectangular opening 
formed in the arm b ; it is indicated by faint lines at a. This arm can then perform 
a short biickward and forward movement, and, when it docs so, the screw V will 
cause tlic finger i) to move, for the head of v rests against this finger, whereas at 
the opposite side (towards v) it touches the end of the slot in the body of the rack. 

The piece r ii s t, on which the point of the finger D rests, replaces the 
ordinary all-or-nothing and is termed the spring all-or-nothing.” 

It is now easy to explain the mode of action of the entire mechanism. 

The movement of the bolt or slide in the case will cause the rack to rotate 
on its centre n ; its teeth will wind up the mainspring of the repeater, at the same 
time causing the hour-ratchet c to rotate backwards until the arm B comes in 
contact with the snail l. The arm n will then move backwards and, since the 
screw Y presses on n, this finger, being pivoted at its centre, \vill, in its turn, 
press against the piece rnsT, which will give way. Its extremity T in moving 
tow^ards the right, will release the quarter-piece, which w’ill fall and allow the 
striking to take place. 

The action of the pallets /, i,J, of the hour-ratchet, etc., difiers in no respect 
from that of ordinary repeaters. 

We believe that the first attempts to make repeaters with fixed star-piece 
were those of Stagden. The form showm in plate XVII., which was kindly sent to 
IIS by M. Benoit, Director of the School of Horology at Cluses, only differs in 
unimportant particulars from that designed by M. C. II. Audemars. 


KEYLESS WATEDES. 

1405 , — Ever since the invention of Beaumarchais’ Avatch, which was wound 
up by rotating by the nail a ring that surrounded the dial, and that of 
Lepine,* where the mainspring was wound up by several times forcing the push- 
piece inwards after having turned it through a quarter revolution, a great number 
of w^atches have been devised in which the winding and the setting of hands is 
accomplished by a special mechanism adapted to the watch, situated usually in the 
pendant. 

Wc shall only describe two or three of the more important or more recent 

♦ As chief of the celebrated horological manufactory erected at Femey by Voltaire, 
Lepine, who was a native of the town of Gex, very materially improved the calliper of 
the watches of his day. He established a house in Paris and, although he did not seek 
for fame and was the enemy of all charlatanism, the excellent quality of his work sufficed 
<to secure for him two rare accompaniments of real merit ; fame and fortune. 
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forms, as M. A. Philippe, of the well-known Geneva firm of Patek, Philippe et 
Cic, has published an excellent volume on this subject, entitled Les inontres sans 
clefs. 

1460 , — Lecoultre's Tenyhss mechanism. — Figures 5 and 6 of plate XVIIT* 
show the type of keyless mechanism in most frequent use at the present day. It 
is known generally as the Lecoultre mechanism, after the principal manufacturer 
of this form, although the design is mainly due to M. Audemars. 

The winding arbor or stem is plain from a' to a! and it is shown in position 
fitted with the several appendages a a (fig. 5). A brace i i, passing into a 
groove that is cut round tlic stem, retains it in ])osition and prevents it from falling 
out. On the round portion of the axis below the brace the winding pinion h rotates 
with easy friction and its cannon terminates in ratchet teeth so as to engage with 
the piece c c- (figs, and 0). This piece, which is termed the crown or set-hand 
wheel, can slide along the square of the arl)or, and its lower end is c ib with ordinary 
crown-wheel teeth. 

The spring n, whose flexible extremity passes into a groove cut in the middle 
of c gives certainty to the action of this wheel, while at the same time enabling 
it to move downwards during the backward motion of the button. We shafl 
presently explain another function of this spring. 

Winding.— Whan the button is caused to rotate from right to left, the piece 
c c\ being earned on a square, causes the pinion h to rotate through the engage- 
ment of the ratchet teeth. This pinion winds up the mainspring, transmitting its 
motion to the barrel arbor through a series of intermediate \vheels which are 
partially indicated at y and x in fig. 10. On the return of the button the pinion b 
remains stationary, and the i)ieec c d mei*cly rotates backwards like a ratchet 
wheel. 

Selling hands . — If a finger be pressed on the stud /?, the spring ii forces the 
crown-wheel c c downwards, and this, leaving the ratchet wheel li, engages with 
the wheel m (fig. C). This wheel, either directly or through intermediate wheels, 
transmits the right or lefl-handed movement of the arbor a a! to the motion work 
and so to the hands. The pinion b then remains stationary, for the arbor rotates 
within it without carrying it forward, and, when the finger releases the stud, the 
several pieces will return to the position shown in fig. 5. 

The pivot of the winding arbor is carried in a small cock or in the thick- 
ness of the plate of the watch. At its upper end the arbor is held with slight 
friction in a cock or in the band of the case. The pieces b b',cd are let into a 
recess which is sufficiently large to ensure their proper action without contact. 
With such an arrangement it is possible, by merely unscrewing the brace i i, to 
withdraw the arbor or replace it at pleasure without the necessity of removing any 
other piece. 

1467 , — 3IM. Fateh and Philippe's keyless mechanism. — At first the keyless 
watches manufactured by this firm were not provided with a stud for setting the 
hands ; but subsequently they introduced the arrangement sho«-ii in fig 10, 
plate XVIII., which we proceed to describe. 

The arbor and its accessories are shown separately in figure 11. The upper 
ratchet forms part of the arbor ; below it is the winding pinion a, and below that 
the small crown-wheel/. The arbor is round, only a small portion, shown to the 
left of r, fig. 1 1, being filed flat. There is a projection in the hole passing through 
'"that corresponds with this flat face, so that the crown-wheel is always compelled 
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to rotate with the arbor ; the projection is formed by fixing a small pin in the 
body of /. 

It will be evident that on rotating the arbor for the purpose of winding the 
watch, an action similar to that of a Brcguet watch-key will occur as with the 
preceding arrangement, and, on pressing against the study, the entire system af 
will be depressed, the engagement of the crown-wheel f for setting hands will be 
effected and the hands can be rotated at will to the right or left, the pinion a 
being meanwhile out of action, since it rotates within the circle of crown teeth of 
the winding up wheel, some of which are seen at x. 

1408* — K'oyless mechanism irillmd stud of MM, FateJc and Philippe , — 
Fig. 12, plate XVIII., represents the several parts of this mechanism, which is of 
comparatively recent date, in position for effecting the winding of the mainspring. 
As in the ordinary system, the pinion I runs freely on the arbor a and it is main- 
tained against the shoulder h of the arbor, this shoulder being formed of a separate 
piece of metal screwed to the arbor for a reason that wdll be subsequently 
explained. The piece which is known as the cradle, encloses within its two 
forked arms the shoulder Ic and the pinion h ; the cradle rotates on the shouldered 
screw d, and is maintained stationary by the head e of the spring e e, which 
presses against an inclined face of the cradle. A second spring,/, presses against 
a groove cut in the small set-hand crown-wheel, thus maintaining the engage- 
ment of the two ratchet wheels. When it is required to change the position of 
the hands, the arbor is drawn outwards by the button fixed at its extremity until 
the cradle d forces the spring e to slide along the inclined plane with which it is in 
contact ; it reaches the edge of this plane and, on continuing the withdrawal a 
little farther, the spring engages with another face of the cradle in such a direc- 
tion as to counteract its tendency to rotate. Figure 13 shows the several parts 
of the mechanism in their new positions and the set-hand wheel s $ engaged with 
the motion work. The pinion J>, notwithstanding its withdrawal, has not ceased 
to engage with the winding up wheel ; and this fact ensures that the several parts 
return to their initial positions without difficulty; the least motion of the button 
inwards will give rise to a slight motion of the cradle and the spring will be 
released, bringing the two inclined faces in contact as shown in fig. 12, and, since 
this spring is very powerful, it suffices to bring the mechanism into position for 
winding up. 

We mentioned that the shoulder h is screwed to the arbor a ; the object of 
this is to facilitate the introduction and removal of the movement to or from the 
case. By placing a screw-driver in a notch cut across this shoulder, it can be held 
stationary while with the other hand the arbor is unscrewed ; the arbor can then 
be removed and the movement is free to be taken in or out of the case. 

Keyless watches that did not require the stud were prior to this produced 
by the firm of Breguct, and one of these is described in volume III. of the Revtie 
CJironometrique. 

14G9 ^ — Olservations relating to Iceyless mechanisms, — The Theory of 
Depths affords the intelligent watchmaker ample means for securing an effective 
arrangement for winding up the mainspring; so that the principal difficulty consists 
in the mechanism for setting the hands. If the stud only projects a very short 
distance, the owner experiences some inconvenience in moving the hands ; if, on 
the other hand, it is too prominent, the stud is liable to catch in the pocket and 
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under any accidental pressure, etc. Moreover in the an’angcments in use at the 
present day the motion is communicated to the hands through an arbor held by 
friction, which will only remain effective if the adjustment be perfect, etc. The 
perfecting of the set-hand mechanism then should be the subject to which 
special attention is directed by intelligent inventors. 


4*nKONOSCOPE8, CBEONOGRAPUS, COUNTERS A.ND COWPAIIISON TOBTRrMENTS. 

1470 ^ — ^These several appliances are all more or less alike ; they are 
employed for measuring small intervals of time. The name chrmoscope is more 
especially applicable to those in which the movement is continuous; thus instru- 
ments governed by a conical pendulum, Wagner s difTerential movement, the 
Foucault regulator, etc., belong to this class. In several the commencement and 
termination of an observation arc automatically recorded by clecti icity. 

Chronograph is the name more especially applied to an instrument that 
measures time by a succession of intermittent movements, such as those of a 
horological train controlled by an escapement. Its principal characteristic is an 
ink-marking hand that will be presently described (1474). depressing a 
button this hand records the several instants of the observations. The credit of 
this invention belongs to Eieussec, a watchmaker of Pans, who introduced it m 
1822. Breguet, a few years afterwards, patented an instrument that ^p^^cd 
from that of Eieussec only in this : the latter caused the dial to rotate while the 
hand remained stationary, whereas Breguet had a fixed dial an I a hand that 
revolved. It was merely a corollary of the original design. 

Lastly the term counter may be applied to any instrument for measuring 
intervals of time ; thus there arc simple counters, chronograph counters, etc. 
Their number is very great and we shall only refer to a few of the principal 

forms. 

Jacob and II. Robert’s Counter; 

1471 These instruments will be described and illustrated in the 

Watchmaker’s Handbook, to which we therefore refer the reader. 


Seconds Counter of H. Winncrl. 

147^ counter . — In this instrument the seconds hand can be 

stopped at will and then instantaneously brought to the position it would have 

occupied if its movement had not been checked. 

Fieuro 1 plate XVIIL, gives a longitudinal vertieal seetion of the me- 
chanisii of this eountcr on an enlarged scale ; it was invented in 1831. Figure 2 
shows the seconds wheel pivot in elevation and very much ma^ified. 

The seconds wheel a is fixed to a perforated pinion B, the smaller pivot of 
which is prolonged. The pivot c, that traverses the plate of the wateh and 
usually ca^es the seconds hand, consists of a tube teiminating in two mclmed 
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planes a at the lowest points of which is cut a small notch a', A rod slides in 
this tube and carries a small ferrule I so formed as to engage in the notch a' 
when the rod descends in c. A steel cock o is fastened to the plate and perforated 
with a small hole in which the pivot of the rod d, carrying the seconds hand e, 
can rotate freely. The rod d is thinned away down to the shoulder / in order that 
it may pass freely but without play through the hole in the cock o. It will be 
seen that, on raising the rod until the shoulder /rests against the cock, the points 
of the inclines a ^Yill pass below the lowest points of the ferrule 6 without 
touching it. 

When it is required to arrest the seconds hand, the observer presses on a stud 
which, acting on the pin causes the spring 7^, fixed at one end to the plate, to 
suddenly rise ; the forked extremity of this spring presses the shoulder f against 
the cock ; the wheel a will then continue its movement of rotation independent of 
the hand, but, as soon as the pressure is removed from the stud, the spring h is 
released and presses on the ferrule the point of which will slide along the incline 
ay carrying the seconds hands with it, until held in the notch d y when the two will 
rotate together ; the point of the spring li will be arrested by a tongue below the 
cock 0 so that t neither touches the ferrule h nor the shoulder /. 

In conclusion wc would only observe that the action of the piece & and the 
incline a is very safe and prompt, and its only objection lies in the increased 
height required in the case. 

1473t — Recording counter. — M. Winnerl has suggested several arrange- 
ments which are described in vol. III. of the Revue ChroJiometrigm. We quote 
the description of the following (fig. 4, plate XVIII.) 

The pivot of the seconds wheel axis Ixiing left rather long and conical, a 
small piece of steel, of the form of a heart (as seen aty, fig. 8), is fitted to it. 
This piece, which is indicated at 1, fig. 4, should be placed at such a distance that 
the oil of the pivot cannot reach it. On the continuation of the pivot above this 
cam is a very light plate (2, fig. 4, and ?*, fig 3) carrying a click (3, fig. 4, and d, 
fig. 3) and its spring (&, fig. 3). This spring forces the click against the 
circumference of the heart-shaped cam. 

The cannon centre of the plate (a, fig. 3) carries a gold seconds hand (r, fig. Jb 
and 4, fig. 4) and at the extremity of the pivot projecting above the hand c (in 
fig. 3) is fixed a blue steel hand (5, fig. 4) with a very thin shoulder so as to 
admit of a slight end play of the cannon centre. The two springs 6, C, (fig. 4 ) 
are of equal strength and they press against opposite sides of the plate so that it 
is maintained steady and central, thus leaving the pivot of the seconds wheel free 
to rotate. There is thus only the friction of the click against the rim of the 
cam, which is rounded and polished with care. 

This being understood the action of the entire mechanism will be at once 
appreciated. 

The click 7, which is screwed to the piece 8, terminates in two teeth at a 
distance apart equal to half that between two teeth of the ratchet wheel 10. By 
pressing the push-piece 9 the click will cause the ratchet wheel to advance by half 
a tooth, and the spring 11, whose extremity is also double, will steady the ratchet 
w’hcel either by one or two teeth: the teeth of this wheel thus come in succession 
opposite the piece 12, which, by raising the springs 6, releases the plate 2. The 
click 3 then slides along an incline of the cam and brings the gold hand 4 to 
coincide with the steel hand 5. 
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KI. Fouchcr’s luk-rccordlng Counter. 

14?4 • — This differs from the majority of those in ordinary use mainly in the 
spring having a double action ; it first acts edgewise, and therefore rigidly, to 
effect a lifting, subsequently returning to its normal position in virtue of lateral 
elastic force. This double action, which is both simple and certain, was, as a 
matter of fact, first suggested by the author. 

The external appearance of this appliance is shown by figure 75. 

Figure 8, plate XVIII., is a front view of the counting mechanism, and fig. 7 
is a side elevation. Above the dial, whose position is indicated by h h, is a double 
hand, the first or primary hand carrying a small ink reservoir u at its extremity, 
perforated by a small opening at its centre ; and the second hand, termed the 
poinieTy is exceedingly hght and fixed by its extremity to the main hand, ^vhilc its 
opposite end is so bent downwards as to pass into the ink and to be exactly above 
the small hole in the reservoii-. The least pressure on this hand t will cause it to 
pass through the ink and leave a mark on the dial 



The arrangement for producing this increased pressure is as follows. 

On the plate p (figs. 7 and 8) a large spring h d, flexible at h and cut away at 
the part that corresponds to the centre of the plate, is fixed by a screw passing 
through its foot. A second spring, s n, is fixed laterally to its free end, the elastic 
blade being set in a plane at right angles to the first, so that it is held edgewise to 
the plane of the plate. This latter spring terminates in a massive head on which 
are formed, at n and two inclined faces whose directions will be easily understood 
by consulting figures 7 and 8. In front of the inclined plane, v, is the extremity 
oKhe spring r v, which is flexible sideways, but rigid while retained in its own plane. 

51 
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Tlic minute hand, 'which is not represented, is fixed to a cannon carried on 
the axis g and to this axis is fixed a heart-shaped cam. The seconds hand is also 
fixed to a cannon carried on the central axis as shown by dotted lines, or on a large 
scale at / (fig. 0), To the lower end of this cannon is riveted the heart-shaped cam c 
(figs. 7 and ,0). Below c is fixed a small spring that presses against the shoulder 
of the cM'utral rod, thus maintaining a friction between the cannon centre of the 
hand and tlie axis which, though slight, is sufficient. 

Oil tin's cannon centre a hollow trumpet-shaped tube a d rotates freely, 
cariying at the np^ier end a fork :: (figs. 7 and 9). A fine pin is supported ))y 
ihi^; fork, passing from s to z (fig. 0), and it rests on the flexible portion of the 
l)ointing hand L The tube is lield up by the elastic fi.)rco of this hand. 

If now the push-piece be suddenly forced inwards the extremity of the spring 
V will be driven under the head v n of the spring and thus the piece d s n will 
be raised to the position (fig. 7). The pressure of the push-piece will bring 
the spring v to or, so that the head d of the spring d W'ill instantly fiill and 
strike against the shoulder of the tube a d. Tliis will cause the upper hand, /, 
to ]>e depressed and its point, jmssing through the ink, will make a ].)lack mark on the 
dial l^etween the graduations and within a blank ring which is left for the purpose. 

On removing the finger from the push-piece the spring a* r repels the spring 
n to/ and the two at once come to rest. The marks can be made rapidly one 
all or aiiotljor, since the hand of the operator is not xSO prompt in its action as the 
spring. If it is desired to diminish the weight of the small tulie a d (fig. 9), it 
may bo made of aluminium. 

The piece M, which is worked by a slide, enables us at the conclusion of t!io 
operation to bring the minute and seconds hands to zero. Its two projecting 
points ])ress simultaneously on the heart-shaped cams, c and g, and cause them to 
rotate (since they are held only by the pressure of a spring), until these points 
arc arrested by the points of junction of the sides of the cams. 

]fl« Reclier*^ ChrououiictriGal Comparing Instrumeaii. 

1475. — The action of this appliance depends on the differential move- 
ment of the two last axes of two superposed trains of wheels. 

The upper train has the escape- wheel axis at the centre D of a dial (fig. 70), 
this axis performs one revolution in a second and carries a small plate in which 
are three pins at equal intervals apart. The last axis, E, of the lower train carries 
a small lever r which is held stationary by one of the pins in the plate, from 
Avhich it escapes three times in a second. We thus have almost precisely the 
same cficct as in seconds watches with a double train of wheels. 

The difference consists in this : The two trains are contained in a box as 
shown in fig. 77, so formed that its two cylindrical portions rotate one round the 
other, and the train of wheels in connection with d is attached to the lower 
l)ortion while that connected with F is fixed to the upper cylinder. Although it 
lias reference to another instrument, fig. 7, plate XIX., clearly indicates at p 
and p the manner in which the two trains are correlated. 

If now such an instrument be in exact accord with a seconds regulator, it 
'wull be seen that, although no change be made in the train that drives either the 
disc D or the lever f, if the centre of this lever be displaced, say, from e to i 
(fig. 70), when the disc rotates in the direction of the arrow, the release of f will 
be delayed by an appreciable quantity and the beats of the instrument and the 
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regulator will be no longer coincident. If the centre e be moved to G, so that 
the displacement amounts to a third of the circumference, the coincidence will be 
restored, but with this remarkable difference that the instrument is a second 
behind the regulator. By continuing to rotate the centre E in this manner, the 
retardation of the instniment can be made 2, 3, 4, 5, &c., seconds. 



Fig. 76. 

But if a displacement through one-third of the circumference occasions s 
loss of 1 second, a displacement of one-sixth will cause a retardation of a 
second ; in short, any given amount of displacement will occasion a proportional 
amount of retardation in the instrument. To make it one-tenth of a second 
behind the regulator, E should be moved through one-tenth of the distance from 
E to G ; for 3/lOths it must move through 3/lOths of this distance, and so on. 



Fig. 77. 

If now, instead of displacing the centre B towards G, it be moved towards it 
the effect wiU be rerersed, and the instrument wiU gain in a manner similar to 

that already indicated. , , . .n 

Such is the principle of this appliance, which is termed by its author a 
chronometrical comparing instrument, because its most important use is to givft 
an exact determination of the difference between two clocks or chronometers. 
The following is a partial description of its details of construction ; 

Fig. 77 is an external view of the instrument. 
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The dial has three series of divisions. The one concentric with the case 
serves to measure the movement of the seconds hand (x, fig. 4, plate XIX.). An 
excentric graduation indicates the hours and minutes as in an ordinary watch 
(M, fig. 4) ; and the movement of the hand (i, fig. 4) over the third series of 
subdivisions gives the angle traversed by the centre B of the lever in fig. 76. 

We have observed that the case is divided into two portions one above the 
other. The lower one contains the train by which motion is communicated to 
the disc D, and in the upper portion is the seconds train connected with the 
lever f. When it is required to set the instrument so that it coincides with a 
chronometer, the upper portion is rotated to the right or left until the exact 
accord is established. If the instrument differs from the clock by 25-7 seconds, 
it will be necessary to make eight complete revolutions of the upper case to give 
24 seconds, one-third of a revolution for the 25th second and 7/80th for the 
7/lOths second. 

The following arrangement is adopted by the author as a simple means of 
measuring the amount of this displacement : 

A wheel is fixed to the plate of the lower movement and concentric with it. 
Another wheel of the same number of teeth engages with the first, being pivoted 
in the frame of the upper movement. The hand i (fig. 4) is carried on the axis 
of this second wheel, so that with each complete rotation of the upper case the 
hand i will perform an entire turn. 

The hand thus records all the relative movements of the two trains and if 
its scale is divided into 30, each subdivision will correspond to a tenth of a second. 
This completes the description of the instrument in its simpler form. But to 
facilitate the reading off of the amounts of displacement it is well to bring the 
hand I to zero before each new observation ; and for this purpose a cannon 
having a heart-shaped cam is held by friction on its axis. A push-piece p on 
being drawn out moves the large piece of metal M E, and the projection e, press- 
ing against the cam, brings the hand to zero. 

Two objections have been urged against the use of this instrument : the 
difficulty of timing with a 36,000 train, and the insufficiency of even this number 
of vibrations for securing a practically continuous movement of the disc. 

To these criticisms it may be replied : Moinet in his thirds counter had not 
only ten vibrations per second but sixty, and he asserts that a good rate was 
secured ; more recently MM, Eoze have employed a Redier Comparison Instru- 
ment with a 72,000 train which they state gave satisfactory results. 


Brocot;*s Perpetual Calendar. 

14 ? 6 » — Of the many instruments of this character we will select for descrip- 
tion the most recent arrangement adopted by M. A. Brocot who has acquired 
considerable reputation in this interesting speciality, a reputation which he has 
increased by the publication of an important volume entitled : Calcul des romges 
par approximation. 

The several parts of the mechanism are divided between the two sides of a 
single plate, whose front face, towards the dial, is shown in fig. 2 (plate XX.), 
while the reverse side is represented in fig. 1 ; this latter figure gives the principal 
parts of the mechanism for indicating the day of the week and month. 

The four dotted lines in two parallel pairs join the extremities of the same 
axis. It should be observed that the dimensions of the plate rendered it necessary 
to draw the dial, shown in figure 4, smaller than it should be. 
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^ The axis a (fig. 2), T^hich is identical "with a in fig, 1, carries the hand for 
indicating the day of month (fig. 4) ; the axis b' (same as b) that for the day of 
\veek, and, lastly, the axis c' (same as c) carries the month hand. The disc z 
(fig, 4) is centred at l, and the central axis carries the long or mean time hand. 

The week wheel of 7 teeth and the month wheel of 81 teeth are maintained 
in their position by two rollers free to move on shouldered screws and resting in 
the interval between two teeth. They are carried on arms held up by springs. 

A change in the month date is effected by the motion of the long detent M w», 
which is acted on by a pin c set in a wheel of the going or striking train of the 
clock ; a wheel which of course must only make one revolution in 24 hours. The 
detent M carries two long clicks n and g, fig. 3, which are maintained in contact 
with their respective wheels, the first by a spring and the second by a counter- 
poise weight at its opposite extremity. The whole of this arrangement is shown 
separately in fig. 3. 

When the detent m wz is deflected in the direction of the arrow, by the 
pressure of the pin c, the clicks h and G will each slide over a tooth and their 
heads will fall into the next succeeding spaces. So that, immediately on the 
detent being released from the pin c and falling by its own weight aided by the 
pressure of a light spring, the clicks will cause the two wheels of 31 and 7 teeth 
each to advance one tooth. 

Since all the months have not 81 days it is necessary that the month-day 
click should advance by 1, 2 or 3 additional teeth in the months with 30, 29 or 
28 days respectively. 

The axis of the month-day wheel, which makes one revolution in a month, 
carries a pinion of 10 leaves (fig. 2) which engages through an intermediate 
wheel D with a large w’heel of 120 teeth termed the year wheel fi*om the fact that 
it only performs one revolution in a year. Its axis c' (fig. 2) carries the hand 
that points out the month, the equation cam which we shall not consider at present, 
and at the opposite extremity, c (fig. 1), a small wheel that drives another much 
larger wheel with four times the number of teeth ; so that this latter wheel per- 
forms a complete revolution in four years. The disc v r is fixed to its surface so 
that the wheel itself is not visible except through the spaces to the number of 20 
that are cut in the circumference of v r, this being the number of months in four 
years that have not the fiill number of thirty-one days. 

The uncut portions of the circumference correspond to the 81-day months ; 
the 16 shallow spaces to 30-day months ; the deeper space h to the month of 
February in leap-year ; and the three others numbered 1, 2, 3, which are still 
deeper than h to the ordinary month of February. 

In the surface of the ironth-day wheel is a pin i which should be set opposite 
to the tooth that corresponds to the 28th day of the month. On the detent H rn 
is pivoted an angular piece n w, with a pin o projecting from the extremity of its 
vertical arm w. Owing to the weight of N this pin rests against the circumfer- 
ence of the disc v so that it will drop into the spaces whenever ^hey are brought 
opposite to it. It follows that the degree of elevation of the arm N corresponds 
with the position of the pin o, and it will descend during the motion of the detent 
M m from right to left since the pin o always remains in contact with the circum- 
ference of the disc or with the bottom of a space. 

If the pin o is resting against the circumference of v, the arm N, which is 
then at its greatest elevation, will have no effect ; its position in this case is 
indicated by dotted lines. But if the pin is at the bottom of a 30-day space, the 
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horizontal arm N will descend so that, daring two- thirds of the advance of the 
detent, it engages with the pin i in the 81-toothed wheel, and will advance it one 
tooth during the last third of the course of M m ; in other words it will cause the 
hand to advance from SO to 81. The sudden release of the detent by the pin c 
will again advance the hand to 1. 

At the end of February in leap-year the arm N engages at the first third 
of the path of the detent and causes two teeth to pass. The return of the detent 
will advance to the 1st day of the month. 

For the ordinary month of February the arm N engages immediately on the 
motion of the detent commencing and advances the wheel by three teeth, etc. 

On examining the figure it will be seen that one side of each space is inclined 
in order to facilitate the exit of the pin o. It is released from the deep notches 
by the finger j, fixed to the axis of the year wheel. Since the angular movement 
of this finger is much more rapid than that of the disc v, it will be brought 
opposite each deep notch and raise the pin from it before the position of the disc 
has materially changed ; it will moreover hold the pin up long enough to ensure 
its falling into a suitable position. 

The phases of the moon arc showm by the w^heel L (fig. 2) which is driven as 
follows. At the extremity b' of the w'eek-day wheel axis is fixed a 10-leaved 
pinion engaging with a wheel of 84 teeth. This wheel is rigidly connected with 
another of 75 teeth which engages with the large wheel L of 118 teeth, and on 
this are painted three discs (z, fig. 4) of the same colour as the sky is represented on 
the dial. (The rack R docs not engage with the wheel T or with the larger one 
below’ it ; it merely passes ])etw’ccn the two without contact.) With the above 
numbers a revolution of the wheel l will be completed in very nearly three lunar 
months, the error being only 0*00008 of a day per month. 

Equation of Time, — On the axis of the year wheel is fixed a plate or eqiiaiion 
cam, improperly term the ellipse, of the form indicated by the line y s, A pin 
in the rack it (which may carry a small roller) rests on the circumference of this 
disc, and the rack engages with the wheel k whose axis projects through the dial 
and carries the long central or mean time hand. 

This hand should be directed towards the XII on the following days, when 
the mean and aijparent times coincide: 15th April, 13th June, 31st August, 
and 24th December. On these days the pin s rests opposite one of the four black 
dots marked in the drawing (fig. 2). The graduations above the title Temps 
moyen a midi vrai (mean time at apparent noon) indicate the number of minutes 
that a well regulated clock should be before ( + ) or behind ( — ) solar time. 

1477 • — To draw this equation cam, — The reader will doubtless look for 
some general details as to the mode of drawing this approximately elliptical 
figure ; the following plan may be adopted. Remove the pin s from the rack 
and replace it temporarily by a small pointer held by a spring above the plate 
from which the cam is to be formed. This plate should be of the same size as the 
uncut portion of the year wheel. A temporary click-spring maintains this wheel 
stationary and if a spring be made to press against the wheel k it will rotate with 
friction. The subdivision of the scale into 15 degrees on cither side of the XII 
is determined by the amount of displacement of the hand when the greatest 
radius of the cam is in action. The mean time hand is now brought over the 
XII and a mark made on the disc opposite one of the dates indicated above at 
which mean and apparent time coincide. Commencing from this date cause the 
year wheel to advance by one tooth at a time (in the present case each tooth 
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corresponds to three days); by the aid of an equation of time table set the hand 
opposite the number of divisions corresponding to the dote indicated ; mark 
another point, and so on round the entire circumference of the disc. 

Draw a curve through the series of points thus obtained and cut the disc to 
it, leaving a slight excess of metal. Set the pin s in position and it will then 
be easy to observe the indications, modifying the form of the cam if necessary. 


t'OMCAL rEXDtLlH. 

Various Applications and Experiments. 

1478 , — The conical pendulum, wliile it has not given entire satisfaction 
to those that required a perfectly uniform rate, has nevertheless many interesting 
applications ; we shall, however, only make a few observations on them. 

1479. — The (piestion as to the best mode of securing a uniformly con- 
tinuous movement has been much studied but it docs not yet seem to be near 
a complete solution. The conical pendulum affords a very approximate solution. 
The ingenious instrument of which the first S])ecimen was exhibited by 
M. Wagner at Paris gives good results, but it is influenced by one source of 
error which we proceed to indicate. 

A (fig. ], plate XIX.) is the seconds wheel of an ordinary clock ; n, the 
seconds wheel of a train controlled by a fly ; r, a roller intermediate between the 
wheels A and n, that is mounted in a s})ccially formed frame capable of oscillating 
from right to left. If A moves slower than tlie roller c will Jiiove towards c' 
and conversely ; it is this disjflaeement of c tow'ardsr/ that is cin]>loYc.d as a means 
of modifying the speed of the governor of n to correspond witli the mean velocity 
of A. If this displacement is maintained it indicates ])rcciscly the amount by 
wliich the continuous and step-by-sLcp hands disagree ; an error that may amount 
to some seconds. 

When a conical pendulum is employed the differences arc not more than 
fractions of seconds. These diflerenc.es are due to the fact that it is almost im- 
possible to ensure that the bob shall describe perfect circles. 

It can only describe ellipses that approximate very closely to circles. 

The length is measured in the same manner as that already explained 
'(1383), maintained by it, while inferior to that with an ordinary 

pendulum, is very satisfac.tory. 

Between the two periods of a pendulum, whether ordinary or conical, that 
measures dU mm. (39T3 ins.), coming to its starting point, an interval of 2 
seconds occurs, and, if of any other length, the two kinds will give equal 

velocities. . . • 

M. Balliman adopts a very simple method of driving the instrument and 

suspending the pendulum. A metallic we supports the rod of the latter, or it 
may reach the entire length of the pendulum, and this is all that is needed ; it is 
snfBciently fine to bend at the pint of suspnsion and there is no occ-asion to 
fear the influence of torsion, since the pndulum remains always in the same 
plane. 

MM. Cuel and Eoz6 have proposed a form of suspension with 4 laminm, which 
is shown in fig. 2, plate XIX., in front and side elevation. It is merely one 
.suspension supported by another at right angles to it. 
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Figure 5 represents a clock with this suspension and the pendulum is 
driven in the manner suggested by M. Balliman. 

M. Eedier has taken advantage of this form of pendulum to arrange for 
advancing the hands or setting them back by a given quantity without stopping 
the clock. L is the arm that drives the pendulum P and it makes a revolution 
in every two seconds. 

Assume the clock movement to be horizontal. It is evident that if this 
movement be caused to rotate by means of the handle in the same direction as- 
the pendulum and with the same velocity, the hands will remain stationary. 

But if such a movement be only continued for a short period, the amount 
will be subtracted from the motion of the bands or added to it according as the 
motion is in the direction of the pendulum or the reverse. 

This is the principle of the comparing instrument already described (1475), 
and it has been taken advantage of by M. Redicr as affording a means of elec- 
trically transmitting the time to any required degree of accuracy, by adding or 
subtracting certain definite periods. 

The clock represented in fig. 6 produces the same effect by the mere dis- 
placement of certain wheels of the motion-work. 

The right-hand dial records the continuous seconds and that to the left 
is similar to an independent seconds watch. 

Figure 7 indicates the manner in which these several functions are per- 
formed ; I and c, engaging with a and d, are carried in a frame Y Y u u to- 
which a circular motion can be given. 

By displacing I and c by means of the plate wheel y y the instant at which 
the arm F engages with the pins p is varied and, as in the comparing instrument, 
M. Eedier succeeds by this means in securing the required coincidences. 

1480. — Only by employing a conical pendulum is it possible to obtain a 
clock that indicates at the same time mean and sidereal time, the differences in 
fractions of a second being legible on the two dials. 

Figure 3 represents a portion of the train of such a clock in outline. If m 
is the mean time seconds wheel, and s the sidereal time seconds wheel, by adopting 
the train from M to s, w^e obtain the proportion and this is correct 
within a yearly error of 2*43 seconds. 

1481 , — We would refer to an exceedingly curious experiment with the 
conical pendulum. 

It is kno\vn from the celebrated experiment of Foucault that the ordinary 
pendulum Avill remain in its plane of oscillation, however the point of support is 
moved. This physicist has by this means demonstrated the rotation of the earth 
on its axis. 

The conical pendulum is characterized by the same property, and to prove 
that this is the case M. Eedier has arranged a small clock with conical pendulum 
on a rotating plate concentric with the pendulum. When the entire clock is 
rotated by means of this plate, the motion of the pendulum not being modified 
by this displacement, the seconds hand will be observed to lose by an amount 
that is proportional to the movement of the plate when this takes place in the 
same direction as that of the pendulum. The hand will, on the contrary, gain in 
a similar proportion if the plate and pendulum rotate in opposite directions. 

Thus the clock can be caused to lose or gain without touching any portion, 
ol it, but merely by rotating the entire mechanism round its axis. 
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Supplementary notes. 

1483. — Fig. 1, plate XXI., represents the form of mercurial pendulum 
adopted by this ’weU-knoYm maker. It is half the actual size. 

Figs. 2, 8, 4 and 5 show details of construction. 

Fig. 2 is the steel pcndnlnm rod hetached. 

Fig. 3 is the stirrup baa seen from above. 

Fig. 4 is a double collar for steadying the upper ends of the glass tubes. 

Fig. 5 is a section of the tuning screw showing details of its construction. 

These several figures hardly require explanation. 

1483 • — Notes . — The mercury tubes can be made of cast iron but it is- 
importaut to remember that the expansion will then be greater in all directions. 

The dilatation of glass is generally irregular (1365), but this circumstance 
has very slight effect, and it is usual to prefer it to iron. For glass permits of a 
slight reduction in the height of the mercury column and it is possible to* 
examine the column and to observe any air-bubbles or impurities. 

The mercury should be very pure and free from air. ^^lakcrs who under- 
take the construction of this class of pendulum should make themselves acquainted 
with the best methods of purifying the metal. 

A first approximation to the required dimensions may be obtained by calcu- 
lation, taking the coefficients of dilatation of the several parts as a basis ; but int 
order to ensure absolute accuracy it is the safest plan to employ an oven arranged 
for testing purposes. 


INSTKUMEIVTS FOU SfEASlJftLVU THICEFESS, HICRONETEUS. 

Ordinary {gauges. 

1484 . — The instruments for gauging in which an index is moved by the 
agency of a train of wheels, those in the form of a proportional compass that are 
known as douzieme (or twelfth of a line) gauges, and compasses with index 
similar to that shown in fig. 4, plate XVI., are objectionable in that the opening 
of the jaw^s gives a measure of a chord whereas the displacement of the index 
measures an arc of a circle ; and these two quantities do not progress in the same 
proportion. It follows from this that if the index is first arrested when pointing 
to 15, for example, and again when at 30, the interval between the jaws in the 
second case will not be exactly double the first. 

The watchmaker can, however, render the numerical proportion between 
these two numbers absolutely correct. 

We will first assume that the two jnws (w, fig. 4) are accurately joined 
throughout their entire width w^hen the p'>int of the index is superposed upon 
the line i c ; insert between them a small perfectly round cylinder, say, two milli- 
metres in diameter, so that the point of the index is brought to a on the line i a ; 
we shall then have the angle a i c equal to a d c, fig. 0. Place a carefully 
graduated scale on the metallic plate in the manner indicated in fig* set one 
point of a compass in d (the axis round which the finger i c rotates), and by trial 
ascertain the radius for describing the arc a h Cy such that its chord (or the 
straight line a c joining the two points of intersection of the arc with the lines 
j) a,!) c) includes exactly 40 graduations, say millimetres, on the scale. Them 
fix the scale in this position by screws or sealing-wax, etc. 
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From the centre c and with a solid pair of compasses with fine hardened 
points, draw from each ^n-adiiation of the rule a small arc to meet the arc a he, 
the eye-glass being maintained at the eye during the process. Make a mark at 
each point of intersection. 

When the circular arc is thus graduated spaces traversed along it by the 
extremity of the index (whose length must be equal to i a) will always be pro- 
portional to the successive distances between the jaws. 

The gauge represented in fig. 4 will measure to the twentieth of a milli- 
metre. If the lines % a, i c had been of double the length, 80 millimetres would 
liavc been included between the points c and a, so that the jaws n would then 
measure to the fortieth of a millimetre. 

Various kinds of graduation can be obtained with the same scale by taking 
1, 2 or 3, &c., of its divisions as unity. 

The watchmaker will find an advantage in possessing another gauge 
terminating with points (k, fig. 4) instead of jaws, but when using it he must 
not forget that, if placed in a hole, the point will not correspond with its 
centre, in consequence of the fact that the axis is inclined. 


Sliding; vernier compass. 

1485 •~The principle of the vetnkr is explained in the "‘Watchmaker’s 
Handbook.” 

Fig. 8 (plate XVI.) represents this compass, and it consists of a rectangular 
steel rule h a, having a projection at right angles at a which terminates in a 
point. A slide f d can be moved along this rule, having a corresponding pro- 
jection, r, at right angles to itself. The two opposed faces of these projections 
accurately coincide throughout their entire length, and the extremity of each is 
formed into a hemi-cylinder. When the two arc in contact, as shown in the 
figure, they may form a pointed cone when points are needed, or they may be 
sharp-edged jaws, like those of pincers. As has been already mentioned, the 
slide fdc moves along the rule h\ the block 5, which is connected with the slide 
by an adjusting screw, will also travel along the rule with it, the clamping screw 
being of course released. 

The rule is usually graduated in millimetres. The vernier, measuring 19 
millimetres, is divided into 20 equal parts. It follows therefore that if the slide 
is displaced from the zero position to the point at which the first division of the 
vernier corresponds with the first division of the rule, the jaws will be separated 
by an interval of one tweniieih of a millimetre ; with the second division of the 
vermer and second of the rule the interval is tivo twentieths and so on up to the 
Ijoint at which the two twenties coincide. When such is the case the interval 
is an exact millimetre. 

It will be at once evident that the instrument only requires to be opened to 
the approximate diameter of the object that has to be measured, the block s fixed 
by the clamping screw, and the jaws set to the exact distance apart by the 
adjusting screw. The rule itself will give the number of millimetres and the 
vernier the additional fraction in twentieths of a millimetre. 

If well made this gauge is more exact than a gauge provided with an index 
finger, since there is of necessity always a shght play at the pivots in this latter ; 
but unfortunately the great majority of the sliding compasses to be met with in 



MICROMETEES. 


811 


commerce are badly constructed and inaccurate. The one here descrited is 
entirely of steel with the exception of the sliding block s ; the adjustments are 
very easily effected so that the instrument may be made of great service. 

micrometers. 

1480 • — Duchmin^s Micromder , — The two poppets A and B (fig. 78) 
support two semi -cylindrical centres. The inner extremities of these centres 
me sloped off to an edge and come together like the jaws of a parallel vice. 

The centre c is fixed by a plate and screws. The centre i) can be moved 
lengthwise with easy friction, being held in position also by a plate and screws. 

The screw h which is tapped into the body of the tool at n causes the centre 
D to advance. The thread of h is fine and the motion is brought about by 
rotating the disc P, round the circumference of which are 50 notches. On rota- 
ting the disc the head of the spring n is raised from the notches, but it drops 
successively into these notches, thus steadying the disc when the hand is 
removed. 

A complete rotation of p will cause the centre d to advance by one thread 
of the screw u, or one-fiftieth of this amount for each subdivision of the disc. A 
pin set near the circumference of the disc serves to indicate the point marked 50 
or 0 and strikes against a projection carried by the spring n. 





Fig. 78. 


In m tlie instrument the centre d is advanced until the pin in the 

divided disc strikes against the projection of e, when the 
should rest firmly in one of the notches. Advance the centre c forward until it 
is in contact with D ; and, when the two exactly coincide, fix c by its screws. 
Separate d from c and then screw it back again until the object to be measured 
paies without play between the two jaws. Then again advance the movable 
Ltre until the two are in contact, counting the turns and fraction of a turn of 

p ; this will give the required dimension. 

The concealed extremity of d is cut away as indicated at z o, and the end ol 
the adjusting screw is diminished to a kind of pivot. This pivot p^ses though 
the shoulder o x and rests against z, so as to push the ^ntre forwrad. To 
prevent there being a period of rest a small collet is set on the pivot and held m 
position by a pin ; it presses against o x whereas the end z of the pivot is m 
contact with the opposite face. 
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1487 • — Saunier's Micrometer, — Screw micrometers have two faults : 
(1) There is always a backlash when a forward is changed for a backward move- 
ment or vice versa ; (2) When an object is held between the jaws there is danger 
of an error of several divisions of the divided head, due to the elasticity of the 
object measured or of the instrument itself. The following is a description of a. 
micrometer w^hich we have designed with a view to avoid these two sources of 
error. 

The centre c (fig. 6, plate XVI.) is accurately fitted in its poppet but with 
easy friction. It is traversed by a pin which permits of a longitudinal movement 
of the centre to the extent of the slot in the poppet that receives the pin. The 
centre c is forced inwards by the spring r, and the index /, resting with its short 
arm against the pin, is directed to the 0 of its scale when the pin is against the 
extremity of the slot. 

The other centre d S slides with friction, being moved by a micrometer 
screw that traverses an enlargement formed in d d\ The small shaded index 
corresponds to 0 on the millimetre scale engraved on the poppet head when the 
two jaws are exactly in contact. The pitch of the screw is 1 millimetre and^ 
since the divided plate T has 50 notches, fiftieths of a millimetre can be measured ; 
in other words, whatever the pitch of the screw, it can be subdivided into fifty 
parts. The small rod i serves as a guide to gnaranuee the free movement of the 
centre, and the action of the spring n has already been explained. 

The strength of the spring r should be no more than is necessary to ensure 
that, for example, a staff will be held up when its pivot is placed between the two 
jaws ; with a very light spring the slightest pressures will be detected. 

When the object to be measured is placed against the jaw c and touched by 
the jaw d, the screw is advanced a little further in order to allow for the backlash 
in the return movement ; the index / will be displaced and will advance through 
a certain number of degrees. The screw is then turned back until the index / 
returns to its zero. The small shaded index will then indicate the number of 
entire millimetres while the divided head t gives the additional fraction in 
fiftieths. It may be found more convenient in practice to let the centre c rest 
free against the spring r, so that, when the excess movement is given to d and 
the object has been removed from between the centres, the centre c can te pressed 
backwards with the nail, the object to be measured placed between c and rf, and 
only the return movement of d utilized. 

A micrometer similar to that shown in fig. 6 but with the two jaws bent at 
right angles, would be found veiy convenient for measuring the width of the leaves 
of pinions, the teeth of wheels, &o. 

1488 • — Observations and details of construction, — A very accurate micro- 
meter screw is exceedingly difficult of construction. The watchmaker who is 
desirous of possessing an instrument of the highest excellence should apply to the 
makers of scientific instruments for such screws ; but with care he can himself 
make one that is sufficiently accurate for ordinary purposes. 

The very best cast steel should be used, as it is the most homogeneous 
attainable. Movable dies should be employed for cutting the thread in prefer- 
ence to the ordinary screwplate. Very little metal must be removed at a time 
and it is a good plan to employ two sets of dies, the first of which leaves the 
screw a trifle thick, while the second reduces it to the exact dimensions. The 
dies should be thick ; in other words they should include a fair number of threads 
that are carefully finished with good cutting edges, etc. 
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To ensure that the screw is a good fit proceed as foDows : 

Having cut a satisfactory thread on the screw prepare a second somewhat 
thinner and employ this latter to cut the internal thread in the projection of the 
centre d d * ; then make a longitudinal cut with a file half way across the hole 
and mount the one half in the tool shown at A, fig. 6, plate XVI. ; that is to say 
the piece z z' rests on two rollers t i that can be elevated as required. The screw 
V is provided with a small handle and on rotating it the two screws are worked 
into each other, gradually bringing them nearer together, until the movement is 
smooth and uniform ; the rollers 1 1 are then permanently clamped. The thick- 
ness of the bar should be such as to ensure there being no bending. 

The aiTangement shown at n, fig. 6, plate XVI., seems preferable to that 
adopted by Duchemin (z o x, fig. 78, page 811) ; the drawing does not seem to 
require any description. 


IVote on Constant; Force or Remontoire Fscapements* 

1489 • — We have not space to discuss the question of constant force but 
propose shortly to publish an exhaustive work on it ; we would, however, 
endeavour to convince those seekers after that attractive ideal, a constant force 
escapement suitable for high-class horological mechanism, that their researches 
are utterly futile. 

Projwaition . — Constant force, as it is understood by the majority of watch- 
makers, does not and cannot exist. 

The several parts of the escapements of this class are very nearly always 
being displaced, rapidly and while subjected to slight forces ; and the inventors 
have not studied their cfiects, which of necessity are very delicate, except with 
the aid of a merely elementary knowledge of mechanics, in fact no more than 
the simple theory of the lever. They have either been unacquainted with or 
failed to take account of the influence of certain physical phenomena, which as a 
matter of fact are of such importance that the mechanical effects cannot but be 
unstable. 

For the elastic force of a spring varies with every change of temperature. 

All bodies are in a continuous movement owing to expansion and contrac- 
tion, and this motion occurs in starts tvliich do not all occupy Uce same period of 
time. It has been shown that affinity acts non-continnously. 

Knowing these facts to have been discovered and demonstrated by science, 
it will be understood that the molecules perform their movements or orbits while 
subjected to greater or less retardation according to the pressures and tlie nature 
of the surfaces ; and, further, if a certain effect is delayed it will nevertheless 
ultimately be produced but with increased violence. We have evidence of this 
in the fact that a slight disturbance caused by gently striking a compensation 
pendulum will cause expansion to take place suddenly. 

Moreover the adhesion between clean dry surfaces, which seems to be a form 
of chemical affinity, becomes greater as the surfaces are in more intimate contact, 
BO to speak molecule to molecule. Adhesion, which is perceptible and variable, 
has been proved to occur at a point where impacts are frequently repeated. When 
subjected to very great pressure matter becomes changed and as it were passive. 
The condition of oil varies with temperature, time, etc. 
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CONSTANT FOECE ESCAPEMENT. 


Even ignoring the effects of capillarity and electric action, of which very 
little is yet known, it is evident that the separation of acting parts, the move- 
ments of surfaces in contact, etc., are always accompanied by resistances that are 
variable and relatively intense, as compared ^vith the very slight forces that impel 
the several organs. Hence it fellows that a resistance that would be as it were 
drowned in the greater power of a Graham dead-beat escapement, will have its 
influence on the going of a constant; force escapement ; the latter is in fact much 
more sensitive than the former. 

This is why no remontoire escapement has given results that are better than 
those attainable with a chronometer or Graham escapement. TVTienevcr the 
constant force has given equally satisfactory results it has only been temporary, 
and could not be permanently maintained. 

"We would add, what all watchmakers know, that the application of most 
systems of remontoire to a horological train renders it necessary that the wheels 
revolve with greater rapidity and there is thus a reduction in the [)eriod that 
they will continue to go ; and W'c would conclude by reminding tlie reader that a 
distinction must be drawn between the chimerical search after forces that ai’c 
absolutely constant and the invention of escapements that are intended to 
counteract more or less perfectly the inconveniences that arise from inequalities 
in the motive power of clocks or of the pull of the mainspring in ordinary time- 
])ieces. In this latter there is a wide field of research, providing always that we 
can prescribe logical limits, which it appears useless to precisely define. 



TABLE OF LENGTHS 


THE SIMPLE PENDULUM. 
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TABLE SHOWIIsG THE LENGTH OF A SIMPLE PENDULUM 

That performs in one hour any given number of oscillations, from 1 to 20,000, and the 
variation in this length that will occasion a difference of 1 minute in 24 hours. 

CALCULATED BY E. GOURDIN. 



1 

Viiriatitin 
in lt‘n;.:tli 



Variation 
in length 



Variation 
i n length 

Nuniher 

Lonp^th 

for 1 

Number 

Len."tli 

for 1 

Number 

Length 

fori 

of 

in 

niirmlo 

of 

in 

minute 

of 

ill 

minute 

oscilliitions ! 

inilli- 

in 21 

)F-cill ations 

1 milli- 

ill 21 c 

>scllliili('>np 

milli- I 

in 24 

1 \>iiT hoar. 

luetrea. 

1 liours in 
nilUi- 
nietn a. 

1 \)i;r hour. 

' metres. 

■ 

Lours in 
milli- 
metres. 

— 

l>er hour. 

metres. 

hours in 
milli- 
metres. 


lid, non 
r.MMio 

IS, Odd 

17.000 

IT. stM) 
17,700 
I7,r>oo 
i7,r>od 

17.400 
17,?>00 

17.200 

17.100 

17.000 
10.1)00 

10.500 
10), 700 
ituioo 
i(;,r)00 

10.400 

10.000 

u;. 2 oo 

10.100 

10, 0( K) 

10.000 
lo,S( )d 

irL7oo 

lo.liOO 

10.500 

15.400 

15,:ioo 

15.200 

15.100 

15.000 

14.1) 00 

14.800 

14.700 

14.000 

14.500 

14.400 
14,H00 

14.200 

14.100 

14.000 

13.1) 00 

13.800 

13.700 

13.000 

13.500 

13.400 
13,300 


32.2 

35.7 

tio.s 

40.2 

40.7 
U.l 

41.0 

42.1 

42.4 
4:ht.) 
43 0 

44.0 
-1 

45 1 

45.7 

40.2 

40.7 

47.3 

47.0 
4s.5 

40.1 

40.7 

50.0 

51.0 

51.0 

52.3 

52.0 

53.0 

5 1.3 

55.0 

55.7 

50.5 

57.3 

55.0 

58.8 
50. C. 
00.4 

01.3 

02.1 

03.0 
03.0 

04.8 

05.7 
00.7 

07.0 

08.0 

00.0 

70.7 

71.7 

72.8 


O.dl 

o.r5 

o.n.5 

d.d(; 

d.<i(; 

d.dOi 

0.<M) 

( ).d(; 

< i.'m; 

( Ml 
d.>-i‘, 
d.dt; 
0 . 00 , 
o.()<; 
0.00 
0.0/; 
O.d? 
o./)7 
O.U7 
0.07 
(».o7 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 

o.os 

(MIS 

O.OS 

(MOS 

d.OS 

o.os 

o.os 

(M)8 

O.OS 

0.08 

0.00 

0 . 01 ) 

0.01) 

0.01) 

0 . 01 ) 

0.01) 

0 . 01 ) 

0.01) 

0 . 01 ) 

0 . 01 ) 

0.10 

0.10 


13,200 
J3,Idd 
13, Odd 
2,lHid 
]2,Hdd 
12,700 
12,<;< 10 
12.500 
12.400 
I2,3)‘ld 
12.200 
12,100 
12,000 
ll,V0.d 
ll.soo 

11.700 

ll.C.'IO 
11, .'.00 
11.100 
n,:;oo 
1 1,200 
11,100 
1 1.000 
10,1)00 
lo.soo 

10.700 
1 0,0.00 
10, .700 

10,400 
10,300 
01,200 
loaoo 
10,000 
0 . 1)00 
0,SO0 
\)J\ )0 
0,04 )0 
o’,500 
0,4* 

o’,3‘>0 
0,200 
o’ 100 
0,000 
8,000 
8,800 
8,700 
8,(U)0 
8,500 
8,400 
8,300 


73.0 
7 5. 1 

70.2 

77.4 

78.0 

70.0 

81.1 

82.4 
s:;.8 

85.1 
8i;.5 
8^ 0 

80.5 

01.0 
02..5 

04.1 

05.7 

07.4 
OlKl 

Id'i.O 
ld2.7 
Id-!. 5 
I (.0.5 
J0S.4 

110.5 

1 12.5 

114.0 

110.5 

no. I 

121.4 

123.8 
i2(;.3 

128.8 
131.4: 

1.34.1 

1010.0 
130.8 

142.7 

Lk,.8 

148.0 

152.2 

1 55.5 

150.0 
1G2.0 

100.3 

170.2 

173.7 

178.3 

182.5 

187.0 


0.10 
0.10 
0.10 
0.11 
0.11 
0.1 1 
0.11 
0.11 
0.11 
0.12 
0.12 
0.12 
0.12 
0.12 
0.13 
0.13 
0.13 
0.13 
0.13 
0.14 
O.li 
0.14 
0.14 
0.15 
0.15 
0.15 

o.u; 
0.10 
O.IO 
0.17 
0.17 
0 17 
O.IS 
0.18 
0.18 
0.10 
0,10 
0.10 
0.20 
0.20 
0.21 
0.21 
0.22 
0.22 
0.23 
0.23 
0.24 
0.24 
0.25 
0.25 


8,200 
8,100 
8.000 
7'0d() 
7,8dO 
700 
7, GOO 
7,500 
7,100 
300 
7,200 

7.100 

7.000 
C),OdO 
G,800 
0,700 
(),(;oo 
0,500 
0,400 
(■>,300 
0,200 
0,100 
0,000 

5.000 

5.800 

5.700 

),i;oo 
;.5oo 

5.400 
i,300 
>,200 

5.100 

5.000 

4.000 

1.800 

4.700 
4.(;oo 
4,500 

4.400 
4, .300 
4,200 
4,100 
4,000 
3;050 
3,000 
3,850 
3,800 
3,750 
3,700 
3,650 


101.5 
10 >.3 
201 3 

200.4 

211.7 

217.2 

223.0 

220.0 

235.2 
2417 

248.5 

255.5 
2t;2.9 

270.5 

278.0 
28i;.0 

205.7 
304.9 

314.5 
324 5 
3>35.t 
340.2 

357.8 
3>70.0 

382.9 

300.4 

410.7 

425.8 

440.1 

458.5 
47(’l3 

405.2 

515.2 

530.5 

570.1 
583>.l 

008.7 
03(*).l 

005.3 
(•>00.7 

730.2 

700.2 
8( )5.0 

825.5 

840.8 
8 () 0.0 
802.0 

015.9 
940.1 
9GG.8 


0.20 

0.27 

0.27 

0.28 

0.29 

0.30 

0.30 

0.31 

0.32 

0.33 

0,34 

0.35 

0.30 

0.37 

0.38 

0.39 

0.40 

0.41 

0.43 

0.44 

0.40 

0.47 

0.48 

O.50 

0.52 

0.54 

0.50 

0.58 

o.(;o 
0.02 
0,05 
0.07 
0.70 
0.73 
0.70 
0J9 
0.83 
0.80 
0.90 
0.95 
0.99 
1.04 
1.09 
1.12 
1.15 
1.18 
1.21 
1.25 
1.28 
1.31 

52 
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TABLE OF THE LENGTH OF A SIMPLE PENDULUM— (con<WMc<f). 


Number 

of 

Length 

To produce in 2 4 
hours 1 minute 

Numbet 

of 

Length in 

To produce in *24 hours 

1 minute 

oscilla- 

ill 

l0S8, 

lengtlien 

by 

gain, 

shorten 

by 

oscilla- 



tioDB per 
hour. 

metres. 

lions per 
hour. 

metres. 

loss, 

lengthen by 

pain, 

shorten by 

3,CD0 

0.9939 

Miliim. 

1.38 

MOlim. 

1.32 

1,900 

3.568 

Metrics. 

0.00.50 

MetTOB. 

0.0048 

3,550 

1.0221 

1.42 

1.36 

1,800 

3.975 

O.0055 

0.0053 

3,500 

1.0515 

1.4G 

1.40 

1,700 

4.457 

l).00C)2 

0.0059 

3,450 

1.0822 

1.50 

1.44 

1,000 

5.031 

0.(1070 

0.0067 

3,400 

1.1143 

1.55 

1.48 

1,500 

5.725 

0.0080 

o.oo7t; 

3,350 

1.1477 

1.60 

1.53 

1,400 

6.572 

0.0091 

0.0087 

3.aoo 

1.1828 

1.G4 

1.57 

1,300 

7.622 

0.0106 

0 0101 

3,250 

1.2194 

1 69 

1.62 

1,200 

8.94') 

0.01*24 

0.0119 

3,200 

1.2578 

1.75 

1.67 

1,100 

10.645 

0.0148 

0.0142 

‘ 3,150 

1.2981 

1.80 

1.73 

1,000 

12.880 

0.0179 

0.0171 

3,100 

1.3403 

1.8G 

1.78 

900 

15.902 

0.0221 

0.0211 

3,050 

1.384G 

1.93 

1.84 

800 

20.126 

0.0280 

0.0268 

3,000 

1.4312 

1.99 

1.90 

700 

26.287 

().()3i;:> 

0.0350 

2,900 

1.5316 ' 

2.13 

2.04 

GOO 

35.779 

0.0497 

0.0476 

2,800 

1.G429 

2.28 

2.18 

500 

51.521 

0.0716 

0.0685 

2,700 1 

1 1.7GG9 

2.46 

2.35 

400 

80.502 

0.1119 

0.1071 

2, GOO i 

i 1.9054 

2.65 

2.53 

300 

143.115 

0.1989 

0.1903 

2,500 

2,400 

j 2.0G09 i 

2.87 

2.74 

200 

322 008 

0.4476 

0.4282 

2.23G2 

3.11 

2.97 

100 

1,288.034 

1.7904. 

1.7131 

2,300 

2.4349 

3.38 

1 3.24 

60 

3,577.871 

4.9732 

4.7586 

2,200 

2.GG12 

3.70 

3.54 

50 

5,152.135 

7.1613 

6.8521 

2,100 

2.9207 

4.00 

3.88 

1 

i2,880,337‘".930 

17,903>“.G700 

17,130«‘.8500 

2,000 

3.2201 

4.48 

4.28 





OBSERVATIONS, 

The numbers given represent the oscillations in an hour of mean time of a 
simple pendulum, measuring from the point of suspension to the centre of a heavy 
spherical bob attacljcd to a flue thread and oscillating through an exceedingly 
€mall arc in a vacuum. 

The compound or material pendulum employed for regulating horological 
trains will give the number of oscillations indicated in the table when the length 
set opposite that number is equal to the distance between the centres of suspen- 
sion and oscillation (see article 1283 ). 

The assumption that the centre of oscillation coincides approximately with 
the point at which the pendulum will rest horizontally on a knife-edge 
is only legitimate w^hen the rod is very light and the weight of the pendulum acts 
nearly through the centre of the bob. 

The watchmaker will do well to employ a small platinum ball suspended in 
front of a carefully graduated vertical rule by a fine thread that can be lengthened 
or shortened at will. If the point of suspension is determined by a clamp that 
is opened or closed by a set screw, it will be easy to adjust this pendulum to the 
length indicated in the table, and, by making it oscillate side by side with the 
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^omi^und pendulum Wcr coiiRi^ ascertain ttc approximate position 

ot the centi e of suRpension of this latter. 

The length of the pcnduluTn giving 1 oscillation in an hour (12,880,337*93 
metres or 507,109,080 inclms) affords a useful datum for certain calculations with 


reference to the IcnKlhs of pendulum (see article 1277). For an osciUation of 
2 the lower end ^Ylll travel through a space of 280 miles. 

In the above table all dimensions arc given in metres and millimetres. If 
it is required to express them in feet and inches the necessary conversions can be 
.at once effected in any given case by employing the conversion table below. 


TABLES FOR THE MUTUAL CONVERSION OF FRENCH AND 
ENGLISH MEASURES OF LENGTH AND WEIGHT. 


LnxGTir. 


Inches expressed in Ifilli- 
j metres and French Lines. 

Millimetres expressed in 
Inches and French Lines. 

French I dues expressed in 
Inches and Millimetres. 

\ s 

K<iiiul to 


Kqnul to 

rd . 

Equal to 

1 « 
o 

1 

1 

Milli- 

metres. 

I French 

1 I/iues 

Miili 

metre 

Inclie.q. 

F reiich 
Linc.s. 

£3 

Inches. 

Milli- 

metres. 

1 

20.39934 

11.23931 

1 

O.o:’, 9.9708 

0.44329 

1 

O.OSSSM 

2.25583 

o 

3 

30.79908 

•jL’.fti'ioa 

2 

0.0787416 

a8<S639 

2 

0.177628 

4.31160 

76.19832 

33.77834 

o 

O 

o.iiHii-.;-; 


3 

0.2(‘)(;441 

G.76749 

4 


4.3.(1,3806 

4 

0.13718;12 

1.77318 

4 

0.333233 

9.02332 

r> 

126.99771 

36.29737 

3 

0.1tu;8.339 

2.21648 

3 

0.44-1009 

11.27913 


1.32.39723 

(■.7..'iG70y 

0 

0.23(;2247 

2.0.7978 

G 

0.5;!2883 

13.33497 

7 

177.79679 

78.81GG0 

7 

0 . 27 . 33:135 

3.10307 

7 

O.G21097 

1.5.79080 

8 

203.19633 

')0.07G12 

8 

o.;iM;iGG4 

.3.34637 

8 

0.710310 

18.04663 

9 

228.39387 


9 

! 0.3;')-l:i371 

3.98966 

[) 

0.799324 ; 

20.30246 

K) 

253.99541 

llii.S'J.OlC 

10 

l).39;!7079 

4.43296 

10 

11 

12 

0.888138 

0.976932 

1.065766 

22.35829 

24.81412 

27.06993 


A metre is the forty millionth part of a meridian of the earth. 


1 metre, 

10 decimetres, 

1 00 centimetres, or 
1000 millimetres 


S 39.37079 inches, 
3.28090 feet, 
1.0i)3G.'i yards, or 
O.OOOC2138 miles. 


1 SQ. centimetre — 0,15601 sq. inch. 
J. cub. ff =0.06103 cub, „ 


1 sq. inch = G.45137 sq. centimetres. 
1 cub. „ == 1G.38C18 cub. „ 
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TABLES FOR THE MUTUAL GOXVEESTOX OP FRENCH AND 
ENGLISH MEASURES OF LENGTH AND 'WEIGHT— 


Weight. 


Troy Girtins 
expressed in 
Grammes 

Troy Ounces 
expressed iu 
Grammes. 

Avoirdupois 
Oune(“s txjiressed 
in Grammes. 


Grammes express* d in 

Troy (j ruins and Ounces 
and Avoirdupois Ounces. 

c ,2 

Eqnal to 

O 

0 y 

Equal to 

.iiS 

c y 

Equal to 

t» 

o 1 
£ 

Equal to 


a 

Grammes. 

H 5 
O 

Grammes. 

> c 

•^5 

Gramme^. 

£ 

C5 
t , 

Troy 1 Troy 

Gruiuj. : Ounces. 

Avoir. 

Ounces. 

1 

o.nfl47ii8o:. 

1 


1 

28.r!io:i4 

1 

1 

15.4.32:]5 O.03215 

0.0.3527 

‘2 

0.121)5^7110 

2 

()2.20(;ilO 

2 

5(;.G01)<)8 

2 

3ll.8r>170 O.OlidllO 

0.070.55 

3 

0.104:5!IG8:) 

3 

O3.;;ioii) 

.) 

85.04 802 


40.21)705 ' ().01)G45 

0.10.‘,8-2 

4 

0.25019580 

4 

124.4i:’.0H 

4 

ii;!.;i',isic 

4 

Gl. 72040 O.hjSGO 

0.1411111 

5 

0.32300475 

5 

155.51748 

5 

141.74770 

5 

77.1G17-1 ; O.liiM^i) 

0.17G37 

b 

0.3887037U 

G 

18G.G2i)08 

G 

170.00724 

G 

O2.5'.)401l 1 0.11)200 

0.21 IGl 

7 j 

[ ().453502G5 

7! 

217.72447 

7 1 

108.-MG70 

7 

I08.()2t;44 ; 0.22.50.5 

1 0.24G1)2 

8 ' 

' 0.r)lS301GO 

8 1 

2-18.8271)7 

8 

22G.70G:13 

8 

123.4.5871) j 0.25721 

' 0.2S210 

0 

; 0.58310055 

0 i 

270.0:’)147 

0 

255.14.5K7 

0 

138.80114 ' o.2so:;g 

0.31747 

10 

i 0.6470805U 

10 

: 3n.<)340G 

1 

10 

283.40540 

10 

154.32340 I 0.32151 

1 

; 0.35274 


is equivalent to - 


2.204021 Avoir. IIks. 
2.G70227 Troy lbs. 


I Kilogramme, 

10 lIe(‘to_<;raiTniie8, 

100 Dekagraiiimcs, 

1,000 Graiiiincs 

10,000 Decigrammes, 

100,000 C(‘!iti‘^raiiimes, or 
1,000,CX)0 Milligrammes 
The kilogramme is llic weight of 1 ciihic deoimetre of pure water at ils point of 
maximum density, 4° C (oD^Fj. This volume is called a litre^ and is etiiial to OJ •0270,7 
cubic inches. 


To convert degrees centigrade into degrees Fahrenheit multiply by 0, divide by 5, 
and add 32. 

To convert degrees Fahrenheit into degrees centigrade subtract 32, multiply the 
remainder by .7, and divide by 0. 

To convert degrees Heaumur into degrees Falironboit multiply by 0, divide by 4^. 
and add 32. 

Numerous experimental data will be found in the tabular summary on pages 52-3. 
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Abr.oluto isofliTfiiism, 757 
Accelerating iurcos, 10-1 

,, bhorl arcs, 778, 785 

Acceleration in rate of clirouomctcrs, 740 
Accuracy, limits of, 703 
Active forci', (i 
Adhesion, M, 35 

,, brtwocn dry surfaces, 38 
,, t licet of frc(|ucnt impacts on, 

15 

„ laws of, applied to horology, 

17 

,, of oiled Rurfopes, 53 
Adjustment, accurate, 771 

,, for temperature, 788 

,, of compensation, 770 

,, with timing screws, 778 | 

Air, resistance of, 7, 52, OOd, 7U7 ; 

Airy on atmospheric pressure, <‘tOG 
Altitude, effect on rate of p('ndulum, C02 
Amant on pin escapement, 51G, 5G0 
Anchor, arc covered by, 581 

j, attached to ])endulum, 571 
,, escapement, llcrthoud’s isochro- | 
nal, 513 

modilieationsof,5G3 
,, Graham’s, 5»;() 

half dea(i--))eat, 552 
Kessels’, 5G5 
,, „ Amte’s, 5Gi 

,, \ ulliamy’s, 5G6 

,, Winnerl’s, 5GG 

„ escapements with slight recoil, 
554 

,, inclination of locking faces, 520 
„ recoil, escapement, 513 
„ to make and adjust, 545 
Anglo of lift {fiee Lift) 

„ „ verge pallets, 0(5 

„ sine and versine of, GOO 

,, tangent of, 31 

Angular velocity defined, 715 
Annular balance, history of, 712 
„ „ theory of, T?‘'0 

Apparent lift defined, 158 

,, in lever escapement, 411 
Applied mechanics, elements of, 5 
Arbor, barrel, diameter of, CG7 
Arc covered by anchor, 581 
,, lifting {see under Lilt and Lifting), 

,, mean, of vibration, time of ac(iuiring, 

224 

, supplementary {see Supplemen^S'^y 
arc), 40 

Arm of escapement (see Escapement 
arm) 

Arms of wheel, 283, 291 
Arnold on balance-spring, 747 


Arnold on detent escapement, 477 
,, detent, why ubatjdoncd, 5l3 
Attraction, irai)illary, 37 
„ terrestrial, 20 

Audomar’s keyless mechanism, 797 
,, rei)eater, TOG 

Auxiliary compcnsalion, 738 
„ spring, 47G, 403 

„ Yi>sierfc’s, 738 

Axes of cylinder escapement, 177, 216 
Axis of balance, length of, 270 


Bad compensniion fralances, 7G7 
,, dei»ttis, G;iG ^ 

Balance, action, in detached escapements, 
355 

„ ami evlindcr, their proportion, 
101 

,, axis, length of cylinder, 270 

,, best nuitin’ial for, 225 

,, calculation of vibrations^ 500^ 

,, compensation, llicory of, 741 , 753 

,, to make, 741 

„ distribution of weight of, 181 

,, effect of eeiitrifii al force on 
compensation, 735 

,, effect of temperature on com- 
pensation, 73G 
,, clastic, 751, 775 

,, equilibrium of, 735 

I „ experimental data on, 72G^^ ^ 

„ experiments required on, 727 

,, history of annular, 7^12 

,, maximum effect of, 740^ 

,, mean diameter of, 184, 71 1 

of cylinder escapement, 223 
„ dlknt „ 61| 

" "S' « 

It l» ” U.> 

n n verge 

,, ordinary, to make, <41 

,, over- hanking of, in cylinder 

es(!ai)emenl, 22G ^ 

,, pivots, friction of, 782 

,, radius of, dciined, 4i) 

regulating power of, 714 
relation to t)alance-spnng, 180 
]] relation to pendulum, 722 

[[ to adjust si/e of, 717 

,, si/e and w'ei gilt of, 183, <19 
tiuiorctical sizes of, 724 
theory of annular, 720 ^ 

’ , to attach to cylinder, 2C9 ^ 

calculate period of vibration, 

.. „ determine radius of gyration. 

” ’ of, 716 

„ „ weight of, 241 

W too small for cylinder, 142 
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Balance, to set out of equipoise, 235 
„ verg^e, to fix banking-pin in, 85 
„ Villarceau’s theory of compensa- 
tion, 741 

„ weight of, influence on height of 
incline, 167 ^ 

,, ,, relation to motiyc force, 

141 

Balance-Spring, action in detached es- 
ments, 355 
„ natural com- 
pensation, 181 
Ilreguet, 748 
causing gain in long arcs, 
141 

diameter of cylindrical, 
764 

effect of theoretical, 7*S6 
exhaustion of, 765 
experimental data on, 763 
flat, 766 

flat, limits of isochronism, 
766 

flat, to make and harden, 
772 

function of, 187 
gold, 773 
JJammersley, 748 
hardening and tempering 
of, 285, 764, 770 
helical or cylindrical, 746 
history of, *745 
influence of dilatation on, 
761 

influence of strength on 
vibrations, 760 
in relation to incline of 
tooth, 157 
isochronal, 746 
law of isochronism, 754 
length of, 181, 381 
Le Hoy’s work on, 750 
of cylinder escapement, 
221 

of detent escapement, 512 
„ duplex „ 331 

,, lever ,, 456 

„ verge „ 83 

opiiosed, 749 
relation to balance, 186 
Iloze’s, 750 
spherical, 748 
stud, 228 

tapered, advantage of, 84 
tempering of, 771 
terminal curves of, 755 
theory of, 753 
to determine length of, 
759 

„ strength of, 761 
„ make cylindrical, 768 
„ measure strength of, 
239 

„ re-form terminal 
curves of, 765 
„ select, 222, 775 
,, weigh, 222 
various forms of, 748 
with movable stud, 767 
work of, 757 


Balance-staff, duplex, 329, 339 
„ gauge, 271 
Balance- wheel, verge, to make, 78 
Balances, comparison, 240, 790 
„ table of chronometer, 732 

„ „ ordinary, 730 

„ „ watch compensation, 

734 

Balliman on conical pendulum, 807 
Banking against escape- wheel axis, 396 
„ cock in verge escapement, to 

cut, 85 

,, in cjdinder watch, 148, 226, 254 

,, in verge escapement, 69, 83 

,, of detnnt, 496^ 

,, pin,tofixincylmdcrbalanco,226 

„ ,, verge balance, 85 

,, screw, 476, 497 

,, slot (cylinder), its depth, 212 

,j ,, ,, too broad or 

narrow, 251 

„ stud, to fix, 226 

Barometric pressure, effect of variation,. 
696 

Barrel arbor, diameter of, 667 
,, compass, Itoze’s, 668 
„ cover determining size of balance,. 
720 

Bascule escapement, 474 
Baufre’s (de) escapement, 582 
Bearings, friction of, 53 
Beat, escapement out of, 254 
Beaumarchais’ watch, 796 
Bent cylinder, to re-dress, 247 
„ lever, 587 

Berth oud, F., conical balance-spring, 748 
,, isochronal anchor escape- 

ment, 543 

„ notice of, 782 

,, on compensation, 681 

„ ,, cylinder escapement, 

102, 190, 194 

„ ,, det^iohed escapements, 

353 

„ ,, pivoted detent escape- 

ment, 480 

„ ,, recoil and dead-beat 

escapements^ 532 
„ „ resistance of air, 69G 

„ ,, sizes of pinions, 620 

,, ,, verge escapement, 58 

„ , , weight of pendulum , 534> 

Besaneon stopwork, 677 
Bevel depths, 653 
Blades, elastic, experiments on, 182 
„ elasticity of, 679 
Block for balance-spring, 768 
Bob, pendulum, 695, 707 
Bochet on friction, 18 
Body of ruby cylinder, 293 
Borrel’s escapement, 573 
Boussard on stopwork, 675 
Brass as compensator, 685 
Breguet, A., balance-spring, 748 

„ on detent escapement, 479* 

„ natural lift escapement, 

520 

„ notice of^ 773 

„ ruby cyhnder esoapement- 

351 
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Broachi treatment of new, 81 
„ to use, 260 
Brooot anchor escapement, 551 
„ perpetual calendar, 804 
„ recoil escapement, 557 

Broken cylinder, to replace, 269 
„ duplex balance-staff, 339 
„ pivot, 252 
Buttings, effect of, 625 

C 


Calculation of a depth, 654 

,, ,, force transmitted, 599 

„ „ velocities in a train, 592 

Calendar, Brocot’s perpetual, 804 
Callet, F., notice of. 103 

,, on cylinaer escapement, 103 
Calliper, desip:ning: of, 602 

,, of Brocot anchor, 654 
,, ,, cylinder watch, 242 

,, ,, detent escapement, 507 

,, ,, duplex escapement, 323 

„ „ Graham escapement, 561 

,, „ Engflish recoil anchor, to 

draw, 548 

,, „ half dead-beat anchor, 552 

,, „ pin escapement, 570 

,, ,, recoil anchor, 544 

,, ,, right-angled lever escape- 

ment, 443 

,, ,, Roze’s anchor, 551 

Camus on teeth, 586, 61*^ 

Capillarity, application of laws of, 38 
,, definition and illustration 

of, 35 

„ in mercurial pendulum, 710 

,, repulsion and attraction, 37 

Cardboard clocks, I)ucW, 565 
Catchings defined, 623 
Centigrade degrees, conversion of, 820 
Central point, to mark, 228 
Centre of gravity, 20 
„ oscillation, 693 

„ ,, to find experimen- 

tally, 695 

„ percussion, 19, 496 

„ suspension, G94 

Centrifugal force, 22, 52 

,, „ action on compensa- 

tion balance, 735 

,, „ effect of, on oil, 40 

Chronographs, 799 
Chronometer, acceleration in rate of, 740 
„ balances, table of, 732 

„ comparing instrument, 802 

„ English, 732 

, , escapement (see under De- 

tent), 474 

„ „ double-wheel, 514 

,, escape- wheel, 509 

,, pocket, objections to, 50 

„ Wance-spring, to harden, 

285 


„ trials at Greenwich, 794 

Chronosoopes, 799 
Circle, data relating to, 63 
„ involute of, 690, 605 

„ primitive or geometrical, 591 

Circular locking faces, 473 
Circumference of gyration, 715 


Circumference, ratio to diameter, 53 
Classification oi escapements, 2 
Clement’s pendulum suspension, 705 
Clock and watch escapements com- 
parable, 115, 355 
Clock escapements, 527 


»» 


1* 

it 


it 

it 


conditions to be ob- 
served, 581 
lifting arc in, 537 
notes on various, 582 
principles of con- 
struction, 535 
supplementary arc 
in, 537 

table of proportions, 
576 


i9 „ theoretical considera- 

tions, 539 

„ escape-wheels, 580 
Clocks and watches, difference in mode 
of measuring in, 621 
Clocks of cardboard, Duclos’, 565 
Closo cylinder, 211 

Clubbed teeth of lever escape-wheel, 423, 
426 


Cock bankings in verge escapement, to 
cut, 85 

Coefficient of elasticity, 753 
Cohesion, 35 
Coils of mainspring, 6C7 
Cole’s lever escapements, 472 
Collet of cylinder, 269 
Commencement of lead, 034 
Common watches, their occasional good 
rates, 200 

Comparing instrument for chronometers, 
802 

Comparison balance, 240, 790 
Compass, cylinder, 289 

„ for barrels, lloze’s, G68 

,, sliding vernier, 810 

Compensation, auxiliary, 738 
„ balances, 774 

„ ,, affected by 

centrifugal 
force, 735 

,, ,, bad, 767 

,, „ effect of tem- 

perature on, 736 

,, balance, theory of, 753 

,, ,, to make, 741 

,, ,, Villarceau’s 

theory of, 741 
„ Berthoud’s experiments 

on, 684 

,, introduction to, 679 

,, natural, 180 

„ „ conditions for 

securing, 188 
„ necessity of, 48 

„ pendulums, construction 

of, 708 

„ rectilineal, 737 

„ to adjust, 779 

„ various kinds of, 687 

„ Vissidre’s auxiliary, 738 

„ weights, to make, 744 

Compensators, 683 
Composite detached escapements, 525 
Composition of forces, 28 
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Compound pendulum, 093, 818 
Comt6 clocks, 56, 541 

,, dimensions of verge escape- 
ment in, 73 

Comtoises {soe Comt6 clocks) 
Conical balance-springs, 748 
,, pendulum, 807 

,, pivots, 780 

Constant force escapement, 2, 813 
Contrato depths, 045 
Co-ordinates, erai)loymentof, G65 
Copper as compensator, 685 
„ plugs, 210 
Counters, 799 

Counter, FoucIkt’s ink -recording, 801 
Counting vibrations, 236 
Covered pallets, lever, 453 
Crab-claw escapement, 526 
Crossing out wheel, 20 L 
Crossings of cylinder escape-wheel, 283 
Crown wheel depths, 615 
Crutch, length of, 703 

,, suppression of, 507, 578, 703 

Cubical dilatation, 682 
Camming on cylinder escapement, 105 
Curb, or post, 673 

Curved and straight faces of anchor, 562 
,, ,, inclines, 146 

,, incline, proi)ertics of, 150 

,, iu(!lirH?s m lever escapement, 413 

,, rack, teeth of, 613 

,, surface, data relating to, 53 

Curves employed in depths, 500 

,, of teeth, 501 

Cycloid, 500, 6 is 
Cycloidal pendulum, 690 
Cylinder, construction of, 258 

,, and duph'.x escaijements com- 

l)ared, 49 

„ and hook escapements com- 

pared, 39 

,, banking slot, its depth, 212 

,, bent, to redress, 247 

,, collet, 260 

,, eonipa‘*8, 280 

,, data relating to, 53 

,, ebca2:)ement, 04 

,, ,, action of, 97 

,, ,, adjustment of, 215 

n n advantages and de- 

fect, 95 

,, ,, authorities on, 09 

M If axes of, 177, 216 

f> „ F. .lU'rthoudon,102, 

190 

ff ff causLS of stoppage 

and variation, 245 
If f, coHht ruction of, 203, 

258 ^ 

ff f, denomination of 

parts (jf, 96 

ff ,f drop in, 159 

ff experimental, 140 

ff „ frequent cleaning 

necessary, 96 

M ff friction in, 209 

ff half -timing, 185 

ft ft incline of teeth in, 

100,101106,108, 
110, 112, 146-170 


Cylinder escapement, Jodin on, 99, 189 
„ „ lift in, 157, 215 

„ ,, minimum force, 168 

„ „ number of vibra- 

tions, 225 

tt ff original form of, 94 

„ ,, out of beat, 254 

ff ,, overbanking in, 226 

„ ,, pivots of, 216 

ff ,, play of pivots in, 

217 

f * ,, pririciidc of, 113 

f, ,, proportions adopted 

by di if (Tent 

authorities, 99 

,1 ,, rules for construct- 

ing, 145 

,, ,, standard, 179 

,, ,, table of proportions 

of, 111 

f, ,) tangential, 163 

,, ,, Tavernier on, 190 

ff ,, timing in position, 

234^ 

„ f, to design, 201 

If f, ,, detiTmine dimen- 

sions of, lft3 

ff ff ,, plant, 230 

,, „ ,, repair, 203 

ff ,f ,, re-])oUsb, 246 

ff ^f ,, verify, 229 

,, ,, vcTi 6 cation of 

^ droi)s, 213 ^ 

,, f, Yerite’sexi)eriment 

on, 129 

,, f, vibrations of, 236 

,, escape-wheel, 206, 273 
,, ,, size of, 178 

,, ,, tempering, 207 

,, ,, to true, 208 

„ ,, ,, turn, 276 

,, files for making, 263 

,, gauge, 290 

,, half-shell, 97, 170, 212, 791 
,, inside of, smoothing and polish- 
ing, 261 

,, opening of, 170, 212 

,, ,, extent of, 174 

,, pitting of, ICO 

,, pivots, play of, 219 

,, planted too high or low, 251 
,, play of tooth in, 249 

,, position in relation to escape- 
wheel, 159 

„ ratio of, to balance, 194 

„ replacing of broken, 269 

„ ruby, 209 

,, f, to make setting of, 293 
,, size of, relation to that of escape- 

wheel, 198 
„ steel, 210 

,, too large for balance, 142 

ff ff or small, 177, 213 

,, too open or close, 211 

,f to centre, 267 

,, ,f harden, 263 

„ ,, measure heights of, 258 

„ ,, pivot, 269 

„ ,, re-polish, 246 

ft „ strengthen when turning, 268 
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Cylinder walcli, adjustment of, 788 

„ „ banking in, 148, 226, 254 

„ „ calliper of, 242 

,, „ half-timing^ 244 

„ „ radius of friction in, 49 

,, „ to rapidly time, 236 

,, ,, with fusee, 95 

„ • watches,remarkablc rates of, 200 

,, wear of, 245 

Cylinders, experimental, 272 

,, old, absence of wear in, 15G 

Cylindrical balance-spring, 74G, 764 

„ n ,, to harden, 285 

„ mainsprings, 602 


Daily rate, 793 

Dart in lever escapement, 395 

Dead-beat anchor escapements, 559 

„ and recoil eBcapements, Ber- 

thoud on, 532 

„ and recoil escapements com- 

pared, 3 

,, and detached escapements 

compared, 4 

,, clock escapements, 527 

,, escapement defined, 2 

,, pinions for, 020 

,, half, anchor escapement, 552 

Decomposition or resolut ion of forces, 28 
Deer’s-foot escapement, 582 
Defective depths, 636 
Delmas on cylinder escapement, 195 
Denison’s gravity escapement, 581 
Density, dehnilion of, 20 
Dent on acceleration of chronometers, 
740 

,, „ recoil, 530 

,, ,, tension of halance-spring, 736 

Depthing tool, to verify escapement in, 
230, 334, 457, 545 
„ (.see Depths) 

Depths, authorities on, 586 
,, calculation of, 054 

„ causing stoppage and variation, 

030 

„ contrate, 045 

,, curves employed in, 590 

,, demonstration of principles of, 

058 

„ designing of, 002, 613, 056 

„ defective, 636 

,, early history of, 580 

I, explanation of terms relating to, 

585 

„ freedom at, 611 

„ friction at, 588 

„ internal, 646 

,, lantern pinion, 047 

,, of cylinder escapement, 230 

„ ,, duplex escape- wheel, 334, 343 

,, „ lever escapement, 462 

„ „ verge „ 68 

„ principles of, 603 

„ skew or bevel, 053 

,, to examine, 638 

various kinds of, 603, 642 
„ with lead before line of centres, 

608 


Depths, with several teeth engaged, 654 
,, worm-wheel, 050 
Deshays’ escapement, 582 
Design of cylinder escapement, 201 

„ „ detent escapement, 507 

tf „ duplex escapement, 319 

,1 „ English anchor, 548 

„ „ gable anchor escapement, 547 

„ „ Graham escapement, 561 

„ „ lever esenpement, 430 

M „ recoil gable anchor, 517 

,f „ small recoil anchor, 544 

II II verge escapement, 64 

„ „ depths, 613. 656 

Detached and dead-beat escapement com- 
pared. 4 

„ „ undet ached escapements, 

378 

„ escapements, action of balances 
JU, 3d5 

II „ defined, 2 

„ „ draw in, 370 

„ ,, drop i 0,389 

„ ,, experimental verifi- 

cation of theory, 
3G1, 372,383 

„ ,, function oF, 355 

„ ,, Boy’s first, 353 

„ „ lift in, 389 

„ ,, locking faces, 360 

„ „ need of isochronism, 

„ 388 

„ „ new tlicory of, 353 

„ ,, notes on certain, 516 

„ ,, of clocks and 

„ „ watches, 355 

„ „ proof of theory, 360 

! „ „ proi)()sitions on, 357 

„ „ relation to motive 

force, 355 

„ „ size of escape-wheel 

in, 387 

„ „ tangential rest and 

impulse, 3y0 

Detent, angular movement of, 407, 501 
,, banking of, 406 

„ form of, 493 

,, long and short, 408 

„ pivots, fiiclion of, 501 ^ 

,, spring and pivoted, 476 

,, spring, to make, 510 

,, escapement, 474 

,, action of, 476 

,, balance and bnl- 

ancB>s]'ring, 512 

„ ,, calliper of, 507 

„ ,, designing of, 507 

,, double- wheel, 514 

,, draw in, 480 

„ denomination of 

parts, 475 

„ inclination of teeth 

and pallet, 491 
„ „ lead, 491 

„ „ lifting angle, 491 

„ „ pivots and pivot- 

holes, 512 

„ principles of con- 

struction, 486 
„ „ proportions, 483 
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Detent escapement, spring and pivoted 
compared, 501 

„ „ spring detent, 510 ^ 

,, ,, stoppage and vari- 

ation of, 512 

,, ,, tangential escaping, 

487 

,, „ various authorities 

on, 474, 477 

„ „ vibrations of, 501 

„ ,, with recovering 

pallets, 515 

„ ,, escape- wheel, 13, 509 

Development of mainspring, Gfi4 
Deviation from perfect isochronism, 784 
Diameter of cylindrical balance-spring, 
764 

,, mean, of balance, 184, 714 

,, ratio to circumference, 53 

Dilatation, influence on balance-spring, 
761 

„ ^ law of, G82 

Disc, pivoted, for making pallets, 447 
Discharging roller, 470, 500 
Disengaging friction, 4G, 588 
,, lip, form of, 173 

,, ,, wear of, 173 

Distorted escape- wheel, to correct, 286 
Disturbance, resistance to, 375 
Divided pallet escapement, 582 
„ plate, 290 
Double hook escapement, 49 

„ roller lever escapement, 396 
,, wheel chronometer escapement, 
514 

Douzidme gauge, 809 
Draw in detached escapements, 370 
,, detent escapement, 489 
,, lever escapement, 403, 467 
Drops, effects of, on surfaces, 19 

,, excessive, in lever escapement, 467 
„ in clocks, 623 

,, „ cylinder escapement, 159, 250 

„ „ detached escapements, 389 

„ „ duplex escapement, 317 

„ „ lever escapement, 428 

„ noisy, 251 
„ too short or unequal, 250 
„ verification of, in cylinder escape- 
ment, 213 

Dubois, P.. notice of, 54 
Duchemin’s micrometer, 811 
Duclos cardboard clocks, 5G5 
Dumb vibration, 300 
Duplex and cylinder escapements com- 
pared, 49 

„ and lever compared, 391 
„ balance, 332 
,, balance-staff, 329, 339 
,, balance-spring, 331 
,, escapement, 297 
n „ broken balance- 

staff, 339 

„ calliper of, 323 
»> „ causes of stoppage 

and variation, 337 
ty oonstruotion of, 323 

ft ,, denomination of 

parts. 299 

ft 99 great lift, 310 


Duplex escapement, impulse drop, 317 
„ „ lift of, 310,316, 342 

„ „ miscellaneous pro- 

portions of, 304 

„ „ notch of, 341 

„ „ observations on, 345 

,, „ overbanking with, 

337 

„ „ pallet faulty, 340 

„ „ pitching of, 316 

,, „ pivots and pivot- 

holes, 329 

,, ,, position of impulse- 

teeth, 316 

„ ,, principles of, 306 

,, ,, roller faulty, 340 

* ,, „ roller notch, 317 

„ „ setting of, 337 

,, ,, size of roller, 307 

,, ,, small lift, 316 

„ ,, summary of propor- 

tions, 318 

„ „ timing in position, 

337 

„ ,, to design, 319 

,, ,, ,, verify, 334 

,, ,, train for, 334 

„ ,, tripping of, 338 

„ ,, various authorities 

on, 301 

„ „ vibrations of, 334 

,, escape- wheel, 324 

„ „ depth, 343 

„ ,, impulse teeth of, 342 

„ „ size of, 311 

,, ,, to true, 328 

„ ,, unequally divided, 

341 

„ pallet, length of, 310 

„ roller, objections to small, 308 

„ watches, thickness of, 315. 

Dutertre on duplex escapement, 297 
Dynamical and statical conditions, 9, 120 

13 

Earnshaw on detent escapement, 477 
Barth, rotation of, 808 
Edges of cylinder, form of, 170 
Effect, maximum, of balance, 740 
„ mechanical, defined, 7 
Elastic balance, 751, 775 

,, blades, experiments on, 182 
„ or movable stud, 767 
Elasticity, laws of, 679 

„ moment of, 753 
Elaterometer, Le Boy’s, 752 
Ellipse of calendar clock, 806 
Enderlin’s escapement, 582 
Energy of impulse, to test, 403 
Engaging friction, 46, 588 
lip, form of, 172 

English and French measures, tables for 
converting, 819 
„ chronometers, 732 
„ lever escapement, 471 

„ recoil anenor escapement, 54S 

Epicycloid, 590, 617 

„ variation of, 635 
Epioyoloidal teeth, 606 
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Bcjuation cam, 806 

expressinf^ loss at extreme 
temperatures, 787 
of time, 800 

S(l,ailibrium of balance. 735 
Equivalent, simple penaulum, 695, 818 
Error, 793 

Escapement arm, criterion of length of, 
127 

„ „ in clocks, 577 

,, ,, length of, 119, 125,701, 

„ relation to motive 
force, 300 

„ „ relation to period of 

oscillation, 370 

,, ,, objection to very 

short, 127 ^ 

„ ,, relation to impelling 

force, 125 

,, „ relation to length of 

moderator, 140 

,, „ relation to pressure, 

535 

,, ,, too long or short, 531 

,, „ Verite’s experiments 

on length of, 130 
,, hanking of verge, 83 

,, haacule, 471 

,, Berthoud’s isochronal 

anchor, 543 

„ Breguet’s natural lift, 520 

,, „ ruby cylinder, 

3».)1 

,, hrise et a surprise, 520 

,, Brocot anchor, 554 

,, ,, recoil, 557 

,, cylinder {see under 

Cylinder), 94 
,, dead-beat delined, 2 

,, deer’s-foot or divided 

pallet, 582 

j, Denison’s, 584 

,, Deshays’, 582 

„ designing ot\ 602 

„ detached denned {see under 

Detached), 2 

„ detent or chronometer {sec 

under Detent), 474 
,, double hook, 49 

,, duplex {see under 

Duplex), 297 

,, English recoil anchor, 548 

,, folliot, 54 

,, frictional rest, new theory 

of, 114 

,, function of, 1 

„ gable anchor, 546 

,, Garnier’s, 582 

,, Oontard, 524 

,, Graham, 500 

„ half dead-beat anchor, 

552 

,, hinged pallet, 582 

,, hook {see Hooh escape- 

ment), 346 

,, Kessels* anchor, 565 

,, lever {see under Lever), 

391 

„ MaoDowall’s single pin, 

521 


Escapement, nature of, influencing 
length of balance-spring, 
181 

„ pallet, of clocks, 64, 73, 541 

,, pin, for clocks, 509 

,, „ for watches, 516 

,, „ various forms of, 574 

I, „ with movable arms,. 

573, 576 

„ recoil anchor, 543 

,, ,, defined, 2 

,, Ilobert’s anchor, 557 

,, Kohert’s identical, 508 

„ Robin, 517 

,, Robinson’s, 514 

,, Roze’s recoil anchor, 549 

,, sensibility of, 141 

,, seven-tooth lever, 524 

,, single-beat, 582 

,, standard cylinder, 179 

,, verge [see under Verge), 

54 

„ » or pallet of clocks,, 

64, 73, 541 

„ virgule {see Hook es- 

capement), 310 
,, ViilUamy’s anchor, 500 

,, Wiiinerl’s anchor, 506 

Escapements, anchor, with slight recoil, 
554 

,, heating Rcconds, 533 

,, classification of, 2 

,, clock, notes on various, 

582 

,, „ principles of con- 

struction, 535 

„ „ table of propor- 

tions, 570 

,, composite detached, 525 

,, constant force, 2, 813 

,, controlled by annular 

balance, 379 
,, „ by pendulum, 378 

,, dead-beat anchor, 559 

„ detached {see under De- 

tached), 353 
„ notes on certain, 
510 

„ and dead-beat. 

compared, 4 
,, and undetached, 
378 

,, new theory of,, 

353 

„ for clocks and timepieces,. 

527 

,, for regulators, 560 

„ friction in, 122 

„ frictional rest, 4 

„ new theory- 
of, 114 

function of inertia in, 12 

,, hook and cylinder com- 

pared, 39 

,, lift of, deflned, 40 

,, of clocks and watohes> 

comparable, 115 

„ recoil and dead-beat, 3,. 

527, 532 
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Escapement, remontoire or constant 
force, 2, 813 
,, tangential, 31 

,, Tavan’s, 325 

,, nndetacbed, notes on, 316 

,, vnrious, compared, 49 

„ '^Vafi:ner’s experiments on , 

120 

Escape-wheel axis, banking against, 396 
„ cylinder, 206, 273 

,, ,, teeth, 145, 254 

,, „ ,, retention of 

oil at, 156 

,, ,, to correct, 285 

,, ,, ,, harden, 283 

„ ,, set npright, 

248 

„ „ „ strengthen in 

turning, 277 
,, „ ,, temper, 207, 

285 

,, ,, ,, true, 208 

„ detent, 509 

,, ,, inclination of 

teeth, 491 

,, duplex, 324 

.. deptli, 343 

,, „ impulse teeth of, 

312 

,, „ size of, 311 

„ unequally divi- 
ded, 341 

ofFcctof increasing, ^43 
„ lever, 439 

„ „ inclination of teeth, 

422 

„ „ to draw, 432 

nature of resistance op- 
posed to, 28 
of clocks, 580 

„ passage, hollowing of, 249 

„ pinion, to pivot, 287 

size of, H2, 178 

„ ,, „ in detached cs- 

capements, 387 
I, „ as related to velo- 
city of mode- 
rator, 143 

„ „ „ relation to that of 

cylinder, 198 
„ strained, 2J9 

„ to calculate revolutions 

of, 595 

„ temper, 207, 285 
loo thick, 249 

„ verge, inclination of teeth , 

71 

„ verge, to make, 78 

>1 „ ,, true, 79 

Examination of a depth, 638 
Excessive opening of verge pallets, test 
of, 74 

Expansion, influence on balance-spring, 
761 

M law of, 682 
^Experimental cylinders, 272 

»j cylinder escapement, 140 

-Extreme temperatures, loss at, 736 ' 


Fahrenheit degrees, conversion of, 820 
Palling bodies, laws of, 52 
Ferrior, A., experiment on verge watch, 
88 

Pdtil, P., notice of, 104 

,, on cylinder escapement, 104 
Files for making cylinders, 263 
Finishing turns, used for polishing, 292 
Firmness of wheels, necessity of, 14 
Flat balance -sirring, 766 
,, ,, to make and harden, 

772 

„ timing, 231, 781, 789 
Flatting tool for cylinder shells and 
plugs, 290 

Flexure, elasticity of, 679 
Folliot escapement, 54, 715 
Force, active and passive, 6 

„ and velocity, relation between, 52 

,, centrifugal, 22, 52 

„ impelling, amount of, necessary 

for escapements, 123, 360 
„ impulsiw, of pendulum, 699 

,, motive, defined, 7^ 

„ minimum, that impels cylinder 

escapement, 168 

„ necessary to overcome friction, 601 

,, of dilatathm, 683 

,, ,, mainspring, to measure, 661 

„ resolution of, in escaijcments, 117, 

121, 406 

„ transmitted, tc calculate, 599 

Forces, accelerating and retarding, 164 
,, composition of, 28 

,, measurement of, 7 

,, parallelogram of, 29 
,, resolution or dc'composition of, 28 
,, ,, of, in escapements, 117, 

124, 406 

Form of pendulum, 695, 707 
Foucault on rotation of earth, 808 
Foucher’s counter, 801 
Frame of lantern pinion, 617 
Free arc [see Supplementary arc) 

,, mainspring, Philippe’s, 672 
Freedom at depths, 611 

„ of pivots, its effect, 126 

French and English measures, tables for 
converting, 819 
Friction, 53 

,, at depths, 588 

„ at detent pivots, 504 

„ conclusions relating to, in 

watches, 50 

„ different kinds of, 46 

„ engaging and disengaging, 46, 588 

„ force required to overcome, CO I 

5 , inconstancy of, 48 

,, in escapements, 122 

„ „ cylinder escapement, advan- 

tage of, 209 

„ ,, duplex escapement, 314 

9 » >i verge escapement, 61 

„ indefinite reduction of, 47 

„ laws of, 15 , 

„ measurement of, 121 

„ reed of moderate, 48 

„ of bearings, 53 | 
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friction o! pWots, 7R2 \ 

11 radius of, 45 1 

11 various views on, 47 \ 

Priotional rest’ escapements, cTiaracter- 

istiiss of ,4 

COTOpOsitCi 
action of, 
115 

defined, 
ii;i 

function 
of, lir, 
theory of, 
il5 

Prodsham, C., elastic d\u\ 708 

„ on weight of balance, 

728 

Pusoo and going barrel, 078 

„ uselessness of, in cylinder watch, 9.”) 


G 


” »> n 

»> >» >» 

»» 11 n 

»» .1 »» 


Gable anchor escapement, ."JO 
Gain caused by halanco-spring in long 
arcs, 141 

Gannery on cylinder escapimont, 194 
„ ,, detent escapenu nt, 4 -SO 

,, „ duplex escapenu'iit, 3U3 

Garnier’s, P., escapemeDt, -782 
Gauge, douzeime, 8(19 
„ for balance-staiT, 271 

„ incline, 288 

„ internal, 291 
„ Jacot or cylimlcr, 290 
Gauges, various, 809 
Gauging of ruby-pin, 102 
Genova escapement (sir under Cylin- 
der), 94 

„ stopwork, 073 

Geometrical circles and diameters, 591 
„ solutions, 33 

Glass as compensator, 085 
Globular balance-spring, 718 
Going barrel and fusee, 078 

„ ,, to calculate number of teeth 

of, 598 

„ to calculate time 01, 598 
Gold balance-springs, 773 i 
„ verge escape- wheel, 78 
Gontard escapement, 524 
„ ^ stopwork, 074 

Gourdin, table of lengths ol pendulum, 
817 

Graham escapement, 500 
„ G., notice of, 559 

Grammaire, 290 
Gravity, centre of, 20 
„ definition of, 20 
„ escapements, 583 
Greenwich trials, 794 
Guard-pin in lever escapement, 391 
„ „ „ faulty, 

405 

Guilmet’s synchrometer, 790 | 

Gyration, radius and circumference of, 
71i I 


n 

Mcapcmcnt, 5r,2 

” cjlindiT, »7, 111, ] 70, 2 1:1, 

„ timing, 241 

•’ n cylinder watch, IH.”,, 244 
’* M of verge watch, 82 
Hammersley halatice-s]»ring, 718 
Hardening a cylinder, 20;j 

,, lever and pallets, 4,51 

„ of balance-spring, 770 

,, „ escape- wheel, 283 

Hardy on elastic stud, 767 
Harrison, notice of, 087 

,, on compensation balance, 712 

i» M ,, pendulum, 087 

Hartnup, onlossat extreme temperatures. 

Heart of pinion, .585 
Heaviness, dellmtion of, 20 
Heavy wlicds, inertia of, 12 
Height of incline, l:!l 

M ,1 to measure, 20.5 

,, ,, „ defined, 200 _ 

,, ,, 5, relation to impulse, 

377 

„ ,, to determine, 137 

Heights of cylinder, to measure, 258 
, , tool i or nu' asiiri n g, 271 

Helical halunce-spi'iug, 710 
„ teeth, 005 
Helix 591 

High numi» red wheels and pinions, 020 
Hinged pallet cBcapeincnt, 582 
History of iJinular balance, 712 
„ oalance-si'ring, 745 
,, „ depths, 580 

„ ,, detent escapement, .502 

Hollowing of escape- wheel passage, 2 It) 
Homogenpcusncss,^^ 0s:i 
Hook and cylinder escapements comparedr 
39 

„ cscapcmenf, 310 

,, ,, causes of disuse, 319 

,, „ various authorities on, 

318 

Horizontal csca])enieiit (.■'re under 
Cylinder), 9i 

„ timing, 231, 78], 789 

Horns of lover badly formed, 408 
Hounot, F.; method of luirdcning, 285 
,, notice of, 718 

„ splierical balance- springy 

"48, 709 

Huy ghtJDS' slide, VIO 
Hypocycioid, 590 


Icebox, 795 

Identical escapement, Eobert’s, 508 
Idle wheel defiiu d, 000 
Impact, effect of, on surfaces, 19 
„ effect on adhesion, 15 
IrfiLpoiling force necessary for escape- 
ments, 123 

j, ,, ratio to resistance, 37D 
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Impelling force, relation of, to escape- 
ment arms, 125 

Impulse arm, influence of weight of 
balance on length of, 44 
„ „ ^ length of, 42 

,, drop in duplex escapement, 317 

,, face (see under Incline) 

„ „ curved and straight, 150, 

5G2 

„ instantaneous, 41 

„ in lever escapement, tangential. 

401 

„ pallet (duplex) length of, 310 
,, iflane, in lever escapement, 409 

, , relation to hei ^ht of incline, 377 

,, roller, 476, 500 

,, tangential, 31 

,, teeth of duplex escape- wheel, 

316, 342 

„ to test energy of, 403 

Impulsive force of pendulum, 699 
Inclination of impulse face, change of ,128 
,, ,, locking faces, 371 

n n verge escape- wheel tooth, 

71 

Incline, curved, properties of, 150 
,, cylinder, to set central, 232 

,, (see also under Cylinder) 

„ gauge, 288 

,, height of, 131 

,, ,, ,, iiillucnced by fize of 

watch,165 

„ „ „ „ by weight of 

balance, 167 

„ ,, ,, in lever escapement, 

409 

,, ,, ,, ,, relation to lift, 161 

., ,, ,, 1 elation to impulse, 377 

;, ,, ,, to ascertain, 137, 183 

„ independent of strength of 

balance-spring, 157 
,, length of, 134 

,, mean, defined, 137 

„ polishing lathe, 291 

,, position of, in cylinder, 159 
,, straight, properties of, 150 

„ to measure height of, 205 

Inclined locking faces, 866 
„ plane in motion, 27 

,, „ laws of, 24, 53 

,, position, timing in, 783 

Inclines, best form of, 162 
,, experiments on, 153 
,, of cylinder escape- wheel, to 

form, 282 

„ straight and curved, 146 

Index-piece and lever in one, 454 
Inertia, 11, 62, 167 

,, erroneous use of term, 11 
,, function of, in escaiiements, 12 

,, of heavy wheels, 12 

,, moment of, 714 
„ necessity of, 14 

Ink-recording counter, Foucher’s, 801 
Instruments for measuring, 809 
Internal depths, 616 
„ gauge, 291 
Involute of a circle, 690 
„ teeth, G05, G4G 
Iron as compcLsator, 685 


Isochronal anchor escapement, 648 
„ balance-spring, 74B 

„ pallets, Berth oud’s, 633 

„ ^ pendulum, G90 

Isochronism, efi'ect of length of pallets 
on, 130 

„ essential in detached es- 

capements, 388 

„ introduction to. 679 

„ necessity of, 48 

„ of balance-spring, law of, 

G81, 754 

„ theoretical and practical, 

756 


<0 lest, ?76 

with spring suspension, 706 
„ verge escapement, 
attempts to obtain, 
8G 


J 


'■ Jacob on acceleration of chronometers, 740 
! Jacot gauge, 290 
; Janvier, notice of, 699 
i Jewelled holes, 219 
i „ „ objections to multiplying, 

I 220 

! „ „ ^ in verge escapement, 81 

; Jodin, J., notice of, 99 
I „ on cylinder escapement, 99, 189 

! », »» verge escapement, 66 

Jurgensen on cylinder escapement, 105 
„ ,, detent escapement, 478 

„ „ duplex escapement, 801 

„ „ hook escapement, 848 

„ „ lever escapement, 397 

K 


Kossels’ anchor escapement, 665 
„ experiments of, 130 

„ notice of, 566 

Keyless mechanism without stud, 798 
„ watches, 796 

Knowledge, theoretical and practical 
I necessity of, 5 

j Lahire on depths, 586 
! Lalande ,, 58G 

j Laminee, elasticity of, 679 
I „ elastic, experiments on, 182 

' Lantern pinion, 647 
Large cylinder, 213 
Lathe for polishing inclines, 291 
Latitude, effect on rate of pendulum, 692 
Laugier on spring suspension, 706 
Laumain on cylinder escapement, 195 
Law of isochronism, G81, 754 
Laws of inclined plane, 26, 53 
„ „ lever, 24, 53 

„ „ erroneously applied, 25 

„ „ pressure and friction, J5 

Lead before line of centres, 608 
„ definition of, 40 

„ in detent escapement, 491 

„ point of commencement, 634 
„ to determine whether uniform. 622 
Loaves of pinion, 585 
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Loaves oi pmloa^ ionnH oi, eoa 

*’ *» »> Teama lot TOTmimir, 

T ^ 1 , . 

^eciorre s vibration counter, 237 
Leooultre’s keyless mechanism, 797 
-wOHSlIi, isochronal, of balance-sprinp ,763 
, , of balance-sprini?, to determino 

by calculation, 759 
»i crutch, 703 

*. M escapement arms, 119, 125 704 

»» incline, 134 

», ,, simijle pendulum, table of j 817 

ti tables for conversion of, 819 
Iisnlicular boh, 695, 707 
Lepaute, J. A., notice of, 569 

,, on cylinder escapement, 
101 

M „ pin escapement, 569 
„ verge escapement, 56 

Lepaute’s lantern pinions, 650 
Lepine, notice of, 796 
Le Roy’s elateromeier, 752 
Le Roy, J., notice of, 661 

on verge escapement, 58 
„ weight motor, 661 
P., lirst detached escapement, 353 
notice of, 752 

on balance-spring, 746, 750 
„ compensation balance, 713 
„ cylinder escapement, 101 
„ duplex escapement, 297 
pendulum suspension, 705 
Lovor and dart in one, 454 
„ bent, 587 
,, definition of, 22 
,, erroneous application of laws of, 25, 
312 

,, escapement, 391 
,, ,, apparent and real lift, 

411 

,, ,, balance of, 457 

,, ,, haiance-spring of. 456 

„ ,, breadth of pallets, 424 

,, ,, causes of stoppage and 

variation in, 463 
,, centre of pallets, 399 

„ Cole’s, 472 

,, ,, compared with duplex, 

391 

„ „ curved and straight 

inclines in, 413 

,, ,, denomination of parts, 

392 

,, „ diameter and form of 

ruby-pin, 415 

,, draw in, 405 

,, ,, draw faulty, 467 

,, ,, drop in, 428 

,, ,, drops excessive. 467 

,, „ English, 471 

,, ,, English and French 

compared, 428 ^ 

„ „ form and inclination of 

teeth, 422 

„ „ guard-pin faulty, 465 

„ „ height of incline, 409 

„ „ horns badly formed, 468 

,, „ impulse plane, 409 

„ „ length of lever, 415, 419 

„ „ lift faulty, 466 


locikmg faulty, 468 
)) long and shoit levers. 

418 ’ 

M mode of action, 393 

opening of pallets in. 
398 ’ 

1 . Perron’s, 470 
pivots of, 455 
pivot -holes, 455 
„ plauUng of, 462 

,, position of ruby-pin. 

409, 4U 

„ practical data relating 

to, 429 

„ principles of construc- 

tion, 398 

,, recoil in, 403 

„ repair and construction 

of, 439 

resolution of force in, 
406 

„ right angled, 395 

n ,, to draw 

calliper 
of, 413 

,, roller faulty, 464 

,, (Savage’s two-pin, 471 

„ sepfug of, 404 

seveu'tooihcd, 524 
„ size of safety roller, 422 

,, size of table roller, 422 

„ standard, 419 

,, straight line, 395 

,, tungential, 399 

,, timing in position, 234, 

463 

„ to calculate proper* 

tions, 435 
,, „ design, 430 

„ examine, 463 
„ „ make a straight lino, 

453 

5 , „ make roller, 4 19 

„ various forms of, 393, 

470 

„ various authorities on, 

397 

,, verification of, 457 

,, vibrations of, 457 

,, width of notch, 415 

escape-wheel, 439 
laws of, 21, 53 

length of, in lever escapement, 41 5, 
419 

long and short, in lever escapement, 
418 

notch faulty, 406 
pallets, breadth of, 424 
centre of, 300 
covered, 453 
opening of, 398 
to design and make, 442 
„ harden and temper, 451 
ratio of length of, to diameter of 
escape- wheel, 419 
„ watch, adjustment of, 788 
„ „ friction in, 49 

Lieussou on compensation, 787 
Ll£t| apparent and real, 158, 411 
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Lift, circumstances modifying, 165 
„ conditions that influence extent of, 42 

„ in detached escapements, 389 
,, influence of size of watch on, 168 
,, of cylinder escapement, 215 

, „ detent escapement, 491 

,, duplex escapement, 310, 31 G, 342 
„ escapements defined, 40 
„ lever escapement, 407, 406 
,, ,, verge escapement, 63, 67 ^ 

,, relation of, to height of incline, IGl 
,, small and great in duplex, 300, 310, 
316, 342 

Lifting action, importance of, 115 

„ and total arc, ratio of, in verge 
escapement, (>9 

,, arc or angle defined (see nndor 
Lift), 40 

,, „ in clock escapements, 537 

,, points, to mark, 81, 228, 200 
Light wheels, errors as regards, 13 
Limits of accuracy, 703 
Lindemann on curb, 675 
Linear dilatation, 082 
Lines, French, equivalents of, 810 
Lips of cvlindcr, form of, 170, 172 
Liquid, forces acting on a, 35 

,, movement and equilibrium of, 35 
Localities, watches from difierent, 17o 
Locking arms in detached escapements, 
371 

,, faces, circular, 473 

,, ,, curved, 530 

,, ,, inclination of, in anchor 

escapement, 529 

„ „ in detached escapements, 

366 

,, in lever escapement faulty, 408 

,, stone, 476 

„ „ diameter of, 407 

„ „ its position, 500 

Long arcs, gain in, 141 
„ „ loss in, 786 

„ „ retardation of pendulum in, 

692 

„ lifting arc, characteristics of, 41 
,, pendulums, 701 
Loose plug, 253 

Loss at extreme temperatures, 737, 787 
„ in long arcs, 786 
Lost wheel or pinion, to replace, 655 

]fl 

Mac Dowall’s single pin escapement, 521, 
582 

MaelzePs metronome, 712 ^ 
Mainspring determining size of balance, 
719 

„ development )f, 0G4 

„ forms of, 662 

„ length and thickness of, 667 

„ Philippe’s free, 672 

„ Iluze on, 666 

„ strength of, 662 

„ to represent variations in 

force of, 665 

„ sufficiently uniform, 670 

„ Viel-llobin on, 671 


Maintaining force of pendulum, 699, 707 
Maltese cross stopwork, 673 
Martens on balances, 731 
Mass, 20, 52 
„ unit of, 21 

„ and weight, distinction between, 21 
Maximum effect of balance, 740 

,, velocity, time of acquiring, 10 
Mean arc of vibration, time of acquiring, 
224 

„ diameter of balance, 184, 714 
„ incline defined, 137 
Measurement of forces, 7 

,, heights, etc., 273 

Measures, tables for converting French 
and English, 819 
Measuring instruments, 809 
Mechanics, elements of applied, 5 
Mechanical effect defined, 7 

„ knowledge, necessity of, 

2, 51 

„ prinei])les, tabular summary 

of, 52 
,, work, 53 

Mercurial pendulum, 709, 809 
Metals, properties of, 684 
Metronome, 713 
Micrometers, 811 

Minimum force that impels cylinder 
escapement, 108 
Mobile defined, 7 
Models for demonstration, 658, 791 
Moderate friction, advantage of‘, 48 
Moderator of clock or watch, 34 
,, dimensions of, 139, 377 
„ length of, relation to escape- 
ment arms, 140 
velocity of, related to size of 
escape- wheel, 143 
Moinet, L., uotico of, 5b0 

„ on cylinder escapement, 107 
,, ,, detent escapement, 479 

,, „ duplex escapement, 303 

,, ,, hook escapement, 349 

,, ,, lever escapement, 397 

,, „ method of verifying form 

of tooth, 657 

,, „ pinions, 629, 633 

„ „ pivoted detent escape- 

ment, 483 

„ ,, verge escapement, 60 

Moment of elasticity, 753 
„ „ inertia, 714 

„ „ ,, variation of, in com- 

pensation balance, 737 
Momentum defined, 8, 53 
Monvel on Mght wheels, 13 
Moon, i)hases of, 806 
Morin on friction, 18 
Motel, method of hardening springs, 770 
„ on pivoted detent escapement, 480 
Motion, uniform, 53 

„ uniformly varying, 53 
Motive force defined, 7 

„ increase of, causing either 

loss or gain, 99 
„ „ „ in cylinder es- 

capement, 136 
„ influence on detached es- 

capements, 355 
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Motivo force, relation to escapement arm, 

360 

>» » 5 , woij^htofbalancej 

141, 728 

„ cTiflioi • ntly iiLiform, 670 

„ Tariations of, eii’cct of, on 

verge escapement, 86 

Motors, 7, 658 

MoUBQuet on effect of balance, 740 
Movable balance-spring stud, 707 

„ pallet of i)in escapement, 573, 575 
Mudge on lever escapement, 301 


IN 

NTatural compensation, 180 

„ ,, conditions for 

securing, 188 

„ lift escapement, llreguet’s, 520 
Necessity of theoretical and practical 
knowledge, 5 

New broaches, treatment of, 81 
Nitric acid applied to escape- wheel teeth, 
90 

Noriot’s method of trueing verge escape- 
wheel, 79 

Notch of duplex escapement, 341 

„ ,, lever faulty, 466 

,, lever, width of, 415 

Number of teeth, ratio to primitive 
diameter, 592 

j, ,, vibrations of balance, 758 


Objections to very long pendulums, 701 
Odd-numbered pinions, 634 
Ogive of Looth, 592 

,, best height of, 610 
Oil, effect of capillarity on, 37 
,, ,, in horological mechanism, 8 

,, on verge pallets, 88 
,, resistance of, 8 
,, retention of, at contacts, 35 
„ ,, in general, 38 

,, on escape-wheel teeth, 
38, 156 

,, „ „ pivots, 38 

Oiled surfaces, adhesion of, 53 
Old cylinders, absence of wear in, 156 
,, verge pallets, good quality of, 88 
Open cylinder, 211 
Opening of cylinder, 170, 170, 212 

,, „ effect of varying 176 

extent jf, 174 
,, lever pallets, 398 

,, verge pallets, 66 

„ test of too great, 
74 

,, too greater 
” small, 75 

Ordinary pendulum, 693 
Osoillation, centre of, 693 

„ to lind expcrimen- 
” tally, 695 

„ of pendulum, to calculate, 69G 

„ „ simple pendulum, 689 

„ period of, 376 


Oven, 794 

Overbanking in cylinder escapement, 
226, 254 


Pallet, detent, inclination of, 470, 491 
,, (duplex) length of, 310 
„ „ faulty, 340 

„ escapement of clocks, 64, 73, 541 
Pallets attached to pendulum, 574 
„ centre of lover, 399 

„ lengthof, effect onisochronism, 130 
„ lever, breadth of, 424 

„ ,, covered, 453 

„ ,, mode of making, 447 

„ to design and make, 442 

,, »> . »» harden and temper, 451 

,, opt'ning of lever, 398 
„ ruby, tu verge, 77 

,, to draw plan of, 430 
„ loo narrow in verge escapement, 
to correct, 92 
„ verge, angle of, 66 

,, ,, good qualities of, 88 

,, „ how measured, 77 

,, ,, oil on, 88 

,, ,, opening of, 66 

,, ,, „ too great or small, 

75 

„ „ reducing width of, 75 

„ „ to diminish wear of, 66, 90 

„ „ tost for excessive opening, 

74 

„ „ wearoi, 70, 8/ 

,, „ width of, 68 

Parallelogram of forces, 20 

„ *, „ application to 

cylinder es- 
0{il)cmont, 30, 
J17 

„ „ „ application to 

Ollier escayie- 
ments, 31, iOC 

Passive force, 6 
Patok, keyless mechanism, 797 
„ on cylinder escapement, 105 
Path of working parts, length of, 110 
Pendulum, affected hy altitude and lati- 
tude, 602 

„ Berthoud on weight of, 534 

„ carrying pallets, 574. 

„ compensation, 685 

„ compound or ordinary, 693 

„ conical, 807 

„ cycloidal, 090 

„ escapement, 378 

„ experiments on length of, 139 

„ form of, 695, 707 

,, „ history of, 686 

„ impulsive force, 699 

„ isochronal. 690 

„ lepgth of simple, 689 

„ long and short, 697, 707 

„ maintaining force of, 699, 707 

„ mercurial, 709, 809 

,, prolonged upwards, 711 

„ Trony’s, 711 

„ relation to balance, 722 

„ seleotion of a, 579 

53 
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Fendulunii simple, table of lengths of, 
817 

„ simple, laws of, 688 

„ spring (see Balanco- 

spring) 

„ suspension of, 705 

„ theory of, 687 

„ to calculate number of oscil- 

lations, 696 

„ yariation of its length, 142 

„ velocity of movement, 537 

„ very short, 702 

„ \nrtual or simple, 680, 818 

„ Vissiero’s mercury, 809 

„ W agner’s experiments on, 707 

„ weight of, 697, 707 

Pendulums, compensation, construction 
of, 708 

Percussion, centre of, 19, 496 
„ definition of, 19 

Period of oscillation, 376 
„ „ rest, 171 

„ „ vibration, to calculate, 758 

Perpetual calendar, Jirocot’s, 801 
Perrelet on ruby cylinder, 293 
Perron, notice of, 663 

„ anchor escapement, 6G3 
„ lever escapement, 470 
Phases of moon, 806 
Philippe, keyless mechanism, 797 
„ on cylinder escapement, 195 
„ free mainsprings, 672 
Phillips, terminal curves of balance- 
spring, 755 
„ on timing, 783 
Pierrot on cylinder escapement, 194 
Pillars of cylinder escape- wheel, tool for 

rounding, 

280 

II )) M tool for 

forming. 

278 

Pin escapement, 524 
„ „ for clocks, 569 

„ „ „ watches, 516 

„ „ various forms of, 574 

„ „ with movable arms, 673, 

575 

Pinion, cylinder escape- wheel, to pivot, 287 
„ defined, 585 

„ driving wheel, 642 

„ of clocks and watches, 621 
„ total diameter of, 626 

„ to reduce size of, 641 

,, „ replace lost, 655 

Pinions, exact sizes oiP, 627 

„ for dead-beat escapements, 629 

„ „ recoil escapements, 630 

„ of odd numbers, 634 
„ ,, high number, 626 

» table of sizes, 619 
„ too large or small, 623 
„ various numbered, 629 
), with disengaging friction, 630 

>1 ,, engaging friction, 629 

Pins for escapements, 573 
Pitch of screw, 591 
,, ,, wheel, 585 

Ditching, shallow and deep, 041 
Pitting of cylinder ICO 245 


Pivot, broken, 252 

Pivot-holes of cylinder escapement, 219 
„ „ detent escapement, 512 

„ „ duidex escapement, 329 

,, „ lever escapement, 455 

„ „ verge escapement, 80 

Pivoted brace, or post, 073 

„ disc for making pallets, 447 
Pivoting a cylinder, 209 

„ details relating to, 271 

„ of escape- wheel pinion, 287 

Pivots, conical, 789 

„ effect of freedom of, 126 
„ friction of, 782 

of cylinder escapement, 216 
„ „ detent escapement, 51 2 

„ „ duplex escapement, 329 

,, „ lever escapement, 455 

„ ,, verge escapement, 80 

„ play of, in cylinder escapement 

217 

„ retention of oil on, 38 
Plane, laws of inclined, 26, 53 
Planting of cylinder escapement, 230, 251 
„ „ duplex escapement, 316 

„ „ lever escapement, 462 

,. „ verge escapement, 68 

Plate of lantern innion, 647 
Play, deficient in cylinder, 251 

„ of pivots in cylinder escapement, 
217 

„ to test, in cylinder, 249 
Plug flatting tool, 290 
„ loose, 253 
„ to renew, 252, 267 
Plugging of cylinder, 267 
Plugs, copper, 210 
„ to make, 266 

Pocket chronometers, objections to, 50 
Points, lifting, to mark, 228 
„ of teeth, 591 

„ „ „ of cylinder escape-wheel, 

149 

„ „ verge wheel teeth, treatment 

of, 90 

Pointed lever escape-wheel teeth, 422 
Polishing, care necessary in, 264 
„ cylinder, 261 

„ lathe for inclines, 291 

„ methods of, 265 

„ on finishing turns, 292 

„ ruby cylinder setting, 295 
Position, timing in, 234, 780, 789 
Post, or pivoted brace, 673 
Pouzait on lever escapement. 391 
Power and resistance in machinery, 53 
„ „ velocity, relation between, 9 

„ weights and springs, 7 
Practice and theory, 113 
Practical isochronism, 756 
Pressure, 15, 53 

„ in escapement, effect on rate of 
clock, 636 

„ ,, relation to length 

of arms, 636 

Primitive circles and diameters, 691 
„ diameter, to determine, 693, 617 
Principles of depths, to demonstrate, 658 
Prolonged pendulum, 711 
Prompt regulating, 790 
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Prony’s pendulum, 711 
Proportions of wheel and pinion, to 
recover, ^^55 

Propositions on clock escapements, 536, 
538 

19 „ theory of frictional rest 

escapements, 116 

j, I) theory of detached es- 

capements, 357 

It 

Raby, clastic stud, 768 
Racap6’s slopwork, 674 
Rack, curved, teeth of, 643 
„ straight, teeth of, 644 
Radius of friction, 45 
„ „ gyration, 75 

Railway experiments on friction, 18 
Range of temperature experienced by a 
watch, 188 

Rapid regulating, 790 
Ratchet teeth of lever escape-wheel, 426 
Rate, acceleration of, in chronometers, 740 
,, of cylinder watch, 200 
„ daily, 793 

effect of pressure in escapement on, 
636 

occasionally good of common watches, 
200 

Rates, record of, 794 
Real lift defined, 158 
,, „ in cylinder escapement, 157 

,, ,, in lever escapement, 411 

Reaumur degrees, conversion of, 820 
Recoil accompanying unlocking, 3GG 
„ anchor escapement, 543 

„ „ „ English, 548 

„ „ „ Koze’s, 549 

„ to draw small, 544 

,, and dead-beat escapements com- 

pared, 3 

„ and dead-beat escapements, Bcr- 

thoud on, 532 

„ Berthoud’s experiments on, 532 

,, Brooot escapement, 557 

„ clock escapements, 527 

,, effect of considerable, 3 

„ escapement defined, 2 

„ „ pinions for, 630 

„ gable anclior, to draw, 547 

,, intluencG of, 528 

„ in detent escapement, 489 

„ ,, lever escapement, 403 

„ „ verge escapement, 61, 70 

„ measurement of, 558 

„ ratio to total arc in verge escape- 

ment, 70 

„ slight, in anchor escapements, 

554 

Record of rates, 794 
RecordiDg counter, Voucher’s, 801 
„ „ Winner I’s, 800 

Recovering pallets detent escapement, 
515 

„ spring, 476, 505 
Rectilineal compensation, 737 
Redier, comparing instrument, 802 
„ on conical pendulum, 807 

„ „ atmosDheric pressurei 090 


Reducing size of pinion, 641 
Reduction of friction, indefinite, 47 
Regularity of certain escapements, 705 
Regulating power of balance, 714 
„ rapidly, 236, 790 
Regulator of clock or watch, 34 
„ ^ escapements, 560 

Remontoire escapement, 2, 813 
Repairing clocks, 531 
Repeater with fixed star-piece, 793 
Repeaters, stopwork in, 676 
Repellent lever esoap('inoiits, 472 
Replacing of lost mobile, 654 
Re-polish cylinder, 2 j(> 

Repulsion, capillary, 37 
R6sal, on watchmakers’ work, 61 
,, „ mainsprings, 666 

Resilient lever escapement, 472 
Resistance and power in maehinery, 53 
„ different kinds of, 7 
of air, 7, 52, 606, 707 
» » oil, 8 

„ opposing escape- wheel, 28 
,, ratio to impelling force, 379 
,, to unlocking, 365 
Resolution of forces, 28, 117, 

,, ,, in lever escapement, 

4,06 

; Rest, period of, 171 
„ tangential, 32 
Resting surface, radius of, 44 
Retarding forces, 16 1 
Retardation of pendulum in long arcs, 
692 

Retention of oil, 35, 38, 356 
Revolutions, to calculato number of 
595 

Rieussec’s chronograph, 790 
Right-angled lever escapement, 395 
ji jj t® draw 

calliper of, 443 

Rim (see Ring) 

Ring, data relating to, 53 
Robert, H., anchor escapement, 557 
,, identical escapement, 568 

„ on acceleration of chronome* 

lers, 740 

,, ,, cylinder esca.pement, 110 

,, ,, free mainsprings, 672 

,, „ length of mainspring, 670 

„ „ pivoted detent escapement, 

482 

„ ,, retardation of pendulum, 

692 

„ stopwork, 673 

„ table of recoil, 558 

Robin, R., escapement, 537 

„ „ why abandoned, 

519 

„ on lever escapement, 391 

,, notice of, 517 

Robinson’s escapement, 514 
Rodanet on tension of balance-spring, 

736 

„ „ cylinder escapement, 194 

Roomur on depths, 586 
Roller anchor escapement, 554 
„ (duplex) faulty, 340 
„ „ objections to small, 308 

„ size of, 807 
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Boiler, diameter of, 44 

„ impulse and unlocking, 500 

„ (lever), 394 

„ faulty, 4G4 
,, „ to make. 419 

„ notch (duplex), 317 

„ pafety, size of, 432 

„ table, size of, 422 

Bolling friction, 40 
Bomilly, notice of, 72G 

„ on opposed balance-springSi 749 

„ „ size of balance, 726 

notation of the earth, 808 
Bound of lantern pinion, G47 
Bounding of leaf of pinion, 592, GIO 
Bounding-up tool, COG 
Boze, A. C., balance-spring-, 750 

, , esc apem ent , table of dimen- 

sions, 550 

„ memoir on mainsprings, 066 

„ methodof hardeningsprings, 

770 

f, notice of, 549 

recoil anchor escapement, 
549 

Buby cylinder escapement, 351 

„ ,, faults in, 257 

,, „ to make setting of, 209, 293 

pallets, to verge, 77 
„ pin, diameter and form of, 415 
„ „ gauge for, 402 

,, pof-ition of, 409, 414 
,, roller, 299 


Safety roller in lever escapement, 396 
,, „ size of, 422 

Sandoz on stopwork, 076 
Saunior micrometer, 812 

„ on cylinder escapement, 19C 
Saurin on recoil, 530 
Savage’s lever escapement, 471 
Savoye’s virgule escapement, 350 
Scale of velocities of pendulum, 090 
Sclentifi.0 principles, 113 
Seconds counter, Winnerl’s, 799 
„ escapements beating, 583 
Selection of balance- spring, 775 
Sensibility of escapement, 141 
Set (see Setting) 

Setting of cylinder escapement, 247 
,, „ detent escapement, 512 

„ ,, duplex escapement, 337 

„ „ lever escapement, 464 

„ „ ruby cylinder, to make, 293 

„ M verge escapement, 91 
„ to avoid, in verge escapement, 
72 

Seven-tooth lever escapement, 524 
Shell flatting tool, 290 
Short arcs, acceleration of, 778, 785 
„ lifting arc, characteristics of, 41 
„ pendulums, 702 

„ vibrations in verge escapement^ ad- 
vantage of, 67, 542 
Simple pendulum, 580, 687, 818 
„ „ laws of, 688 

f, „ table of lengths of, 817 


Simple pendulum, to determine length of, 

689 

„ „ to find equivalent, 695 

Simplicity, importance of, 34 
Sine of an angle, 699 
Single beat escapements, 582 

„ inn escapement, Mac; Dowall’s, 521 
Size of balance, to ascertain, 719 

„ „ escape-wheel in detached escape- 
ments, 3S7 

„ ,, pinions, table of, 619 
„ „ pinion, to reduce, 641 
I „ „ cylinder watch, influence on height 
I of incline, H’'5 

,, „ „ „ numWrof 

vibrations, ICS 

Skew depths, 653 
Slide (Huygliciis’) 710 
Sliding friction, 46 

„ vernier compass, 810 
Slot touching U-arms, 252 
Smoothing, methods of, 261, 265 
Solutions, purely geometrical, 33 
Soumillo, Abbe, 582 
Space of wheel or pinion, 585 
Sphere, data relating to, 53 
Spherical balance-spring, 748 

,, mould for, 769 
Spiral spring (see Balance-spring) 
Spring [see also under Mainspring), 7 
„ uncoiling of, 677 

„ detent, tf) make, 510 

„ motor, 661 

„ suspension, isoohronism of, 706 

Springing, 774 
Stagden’s repeater, 796 
Standard cylinder escapement, to con- 
struct a, 17i) 

Star-piece, flxed, 795 
Statical and dynamical conditions, 9, 120 
Stool as compensator, 685 
„ cylinder, 210 
„ verge escape- wheel, 78 
Stoppage caused by depths, 636 

,, of cylinder escapement, 245 
„ „ detent escapement, 512 

„ „ duplex escapement, 337 

„ „ lever escapement, 463 

„ ,, verge escapement, 87 

Slopworks, suppression of, 675 
„ various, G73 

Straight and curved inclines, 146 

„ inclines in lever escapement, 413 

„ incline, properties of, 150 
„ line lever escapement, 395 

„ „ „ to make, 453 

„ rack, teeth of, 644 ^ 

Strained ruby cylinder setting, 296 
5 Strength of balance-spring, influence on 

vibrations, 760 

„ „ „ to measiu-e, 

239 

„ „ mainspring, 662 

Slud (balance-spring), 228 
Sully, notice of, 751 
.- „ on verge escapement, 58 

Summary of mechanical principles, 53 
Supplementary arc defined, 40 

„ „ experiments on, 138 

7 „ ff in clocks, 537, 678 
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Suppl omentary, arc ver^e escapement, 68 
n maximum, 138 

Suppression of crutch, 5 g7, 578, 703 
M „ slopwork, 675 
Surface of rest, radius of, 44 
Surfaces, adhesion of oiled, 63 

I, data relating to curved, 53 
>, in contact, extent of, should 

vary with material, 16 
„ nature of, 58S | 

Suspension, conlre of, 094 j 

„ of pendulum, 705 

Sustaining force of T)cndulum, 700 
Synchromotor, Guilmet’s, 790 

T 

Tables for converting French and English 
measures, 819 

Table of arc covered by anchor, 581 
„ „ brass balances, 730 
„ „ chronometer balances, 732 
,, „ escape- wheels for clocks, 580 
,, „ lengths of simple pendulum, 817 
„ „ Phillips’ experiments on timing, 
784 

„ „ proportions of clock escapements 
576 

„ „ „ cylinder escape- 

ment, 111 

„ „ „ detent escapement, 

484 

„ „ „ duplex escapement, 

304,318 

„ „ „ lever escapement, 

429 

„ „ „ Roze escapement, 

550 

„ „ verge escapement, 

62 

„ „ rates, 794 

„ „ relative diameters of balance and 
cylinder, 198 

„ „ retardation of pendulum, 692 
„ „ sizes of pinions, 619 
„ „ theoretical balances, 724 
„ „ trains of watches, 597 
„ ,, watch compensation balances, 734 

„ Itohert’s, of recoil, 558 
„ roller, size of, 422 

Tabular summary of mechanical princi- 
ples, 52 

Taug6nt, definition of, 31 
Tangential escapement, 31 

„ escaping in cylinder escape- 

ment- 163 

„ „ „ verge escape- 

ment, 63 

„ impulse, advantages of, 31 

,, „ lever esoapement,40l 

„ lever escapement, 399 

„ locking in detent escapement, 

488 

„ rest, advantages of, 32, 112 

„ „ and impulse in detached 

escapements, 390 

„ unlocking in lever escape- 

ment, 400 

Taporod balance-spring, advantage of,84 
„ mainsprings, 602 


Tavan escapements, 525 

,1 on cylinder escapement, 106 

M „ detent escapement, 478 

fi „ duplex escapement, 301 

ti „ hook escapement, 348 

„ „ lever escapement, 397 

„ ,, pivoted detent escapement, 481 

f, ,, verge escapement, 60 

Tavernier, L., on cylinder escapement, 
190 

,, notice of, 190 

Teeth, epicycloidal, GOG 

,, forms of, 145, 603 

„ involute, 605, G46 

„ helical, 605 

„ of cylinder escape-wheel, form 

of, 149 

„ „ detent escape- wheel, 491 

„ „ duplex ,, 324, 342 

„ „ lever escape-wheel, 422 

„ „ escape- wheel, retention of oil 

on, 38 

„ „ racks, 643 

„ „ verge escape-wheel badly 

formed, 92 

„ ,1 ,, ,, inclination 

of, 71 

„ play of, in cylinder, 249 
„ points or curves of, 591 

„ ratio of number to primitive 

diameter, 592 
„ smoothing of, 612 

„ tool for rounding-up, 606 
I „ too large or badly shaped, 254 

! „ to verify form of, 657 

I Temperature, adjustment for, 788 

,, conversion of various de- 

grees of, 820 
„ effect of, 682 

„ loss at extreme, 737 

„ range of, to which 

watch is subjected, 188 
Tempering a balance-spring, 771, 773 

„ cylinder escape-wheel, 207, 

285 

„ lever pallets, 451 

„ verge, 76 

Tension of balance-spring, Dent and 
j Rodanet on, 730 

I Terminal curves of balance-spring, 755 
! „ u „ to reform, 

765 

Terrestrial attraction, 20 
Theoretical balance- spring, effect of, 786 
,, isochronism, 756 
Theory and practice, 113 

„ of annular balance, 720 

„ ,, balance-spring, 753 

„ ,, compensation balance, 741, 753 

„ ,, detached escapements, 353 

„ ,, frictional rest escapements, 

114 

„ „ pendulum, 687 

Thin watches, objections to, 218 
Thiout, notice of, 58 
I ,, on verge escapement, 68 
1 Thrust of balance, 70 
: Time, equation of, 800 

„ influence on ratio of impulse to re- 
sistance, 379 



838 


INDEX. 


Time of acquiring maximum Telodty, 10 
„ „ going, to calculate, 698 

„ true, 793 

Timepiece escapements, 527 
Timing, 774 

„ balance, 240 
„ by comparison, 238 
„ circumstances that influence, 45 
„ causes of irregularity in cylin- 
der escapement, 255 
„ conditions that affect, 144 
„ horizontal and vertical, 234, 781, 
789 

„ in position. 234, 780, 789 
„ of ordinary watches, 788 
„ oven, 794 
„ rapid, 236 
„ screws, to adjust, 779 
Tool for flatting shells and plugs, 290 
„ „ makiug flat halancc-sjirings, 772 

„ „ measuring heights, 271 

„ pillars of cylinder escape-wheel, 
278^ 

„ „ rounding-up teeth, 606 

ff II U’b cylinder escape-wheel, 279 
Toothed-gearing, early history of, 686 
Torsion, dasticity of, 680 
Total and lifting arc, ratio of, in verge es- 
capement, 69 

„ arc, ratio to recoil in verge escape- 
ment, 70 

Train, function of, 1 

„ (sec also under Vibrations) 
Trepans for ruby cylinder, 294 
Trials of chronometers, 794 
Triangular anchor escapement, 
Tripping of duplex escapement, 338 
True time, 703 

Trueing cylindcT cacape-wheol, 208 
„ duplex escape- wheel, 328 
„ verge escape- wheel, 79 
Turn-button, 223 
Turning a cylinder, 268 

„ cylinder escape-wheel, 276 
Turns of mainspring, 667 
,, polishing on, 292 
Turret clocks, objections to recoil in, 631 
Twisted wires, 680 
Two-pin lever escapement, 471 

V 

U-arms touched by slots, 252 
Uncoiling of springs, 677 
Undetached escai)ements, notes on, 346 
Unequal recoils in lever escapement, 405 
Uniform motion, 53 
Uniformity of lead, to test, 622 
Uniformly varying motion, 63 
Unlocking in lever escapement, tangen- 
tial, 400 
,, pallet, 476 

„ roller, 476, 600 

„ resistance to, 365 

u Bpring, form of, 498 

„ „ friction of, 495 

,1 with recoil, 366 

11 without recoil, 365 

U*8 of cylinder escape-wheel, tool for 
forming, 279 


Vallet on sizes of balance, 719 
Variation caused by depths, 636 

„ causes of, in cylinder escape- 
ment, 245 

„ „ „ „ detent escape- 

ment, 512 

„ „ ,, ,, duplex ci'Cape- 

ment, 337 

„ II M II lever escapement, 

m 

„ „ „ „ verge escapement, 

Variations in force; of mainspring, to re- 
present, 665 

„ of motive; force, effect of, on 
verge escapement, 86 

Velocity and force, relation between, 62 
„ „ power, relation between, 9 

„ „ weight of moderators, 734 

„ angular, defined, 715 

„ defined, 716 

,, of movement of pendulum, 537 

„ time of acquiring maximum, 10 

Velocities in a train, calculation of, 592 
„ of pendulum, scale of, 690 

„ parallelogram of, 29 

Verge cut beyond centre, 77 
„ escapement, 51 
„ „ adjustment of, 76 

„ ,, advantages and de- 

fects of, 56 

„ ,, advantage of short 

vibrations in, 67 ^ 

„ „ att(;mpts to obtain 

isochron ism in, 86 
„ „ balance of, 82 

„ „ balan(!('-spring of, 83 

„ „ banking in, 69 

„ „ causes of fstoppage 

and variation, 87 

„ „ conditions lobe satis- 

fied in, 73 

„ „ construction of, 76 

„ „ dimensions in Comte 

(;locks, 64. 73, 541 

„ „ dimensionsof modern, 

73 

„ „ examination of, 86 

„ „ friction in, 61 

„ „ intervals of cleaning, 

74 

„ „ .Todin on, 66 

„ „ J.opaute on, 56 

„ „ lift in, 63, 67 

I, „ lifting points in, 84 

„ „ objections to, 65 

„ „ pivots and pivot-holes 

of, 89 

„ „ planting of, 68 

„ „ principles of, 63 

», I, ratio of recoil to total 

arc, 70 

» ir lifting and 

total arc, 69 

„ recoil in, 64, 70 

), M setting of, 91 

V V supplementary arc in, 

68 


INDEX. 


839 


Verge 


I) 

» 

n 

»> 


» 

t) 

fi 

fi 


fy 

yy 

yy 

yy 

yy 

yy 

yy 

yy 

yy 

yy 


escapementy table of proportiona 
by various authori- 
ties, 62 

„ tangential, 63 

}i to avoid settinpr iii» ^2 

to cut cock bankings, 
85 

„ to correct pallets, 92 

„ to design a, 64 

„ various authorities 

on, 58 

escape- wheel teeth badly formed, 
92 

}) n inclination of, 

71 

„ „ to make, 78 

,, f, ,, true, 79 

pallets, aniric of, 66 

„ effect of reducing width 
of, 75 
„ oil on, 88 

„ old, good qunlity of, 88 

„ opening of, (;6 
yy „ too great or small, 
75 

f, tost of excessive opening, 
74 

„ to dirninisli wear of, G6 
„ wear of, f)(i, 70, 87, 90 
„ width of, C8 
»i width of, how measured, 
77 


yy 

yy 

fi 

yy 


precautions in making a, 76 
renewal of, 87 
ruby pallets, 77 

wa oh, experiment by A. Terrier, 
88 


», „ half-timing, 82 

„ „ radius of friction in, 49 

„ wheel tooth, points of, 90 
Verifloation of a depth, 639 

), „ cylinder escapement, 229 

), „ drops in cylinder escape- 

ment, 213 

it „ duplex escapement, 334 

,, ,, lever escapement, 457 

V6rit6*S, L., anchor cscai)ement, 564 

„ experiments on cylinder es- 

capement, 129 
Vernier compass, sliding, 810 
Versine of an angle, G99 
Vertical, timing, 234, 781, 789 
Vibration counter, 237 
„ dumb, 300 

„ mean arc of, 2 24 

„ period of, 376, 758 

Vibrations determining size of balance, 
717 


yy 

yy 


yy 


yy 

yy 

II 

yy 

yy 

yy 


in small watches, 168 
isochronal, 6H1 
number of, in cylinder escape- 
ment, 225 

„ influenced by size 
of watch, 168 

of balance, calculation of, 596 
„ cylinder escapement, 236 
„ detent escapement, 501 
„ duplex escapement, 334 
„ insufficient extent, 169 
„ lever escapement, 457 


Vibrations^ abort, in verge escapement, 
advantage of, 67 
M to count, 236 
Viel-Robin on mainsprings, 671 
Villarceau, on acceleration of chrono- 
meters, 740 

n „ theory of compensation- 

balance, 741 

Virgule escapement {see Hook Escape- 
ment), 346 

Virtual pendulum, 580 
Vissiere’s auxiliary, 738 

„ mercury pendulum, 809 
Via viva, 52 

Volume, (h'finition, of, 20 
Vulliamy’s anchor esca})ement, 666 

„ pin (;scii,i)e m ent,with movable 

arms, 575 


W 

Wagner, experiments on escapements, 120 
„ on cylinder es(!!ipemeut, 109 

„ „ designing verge escapement, 64 

„ „ duplex escapement, 302 

Wagner on pendulum, 707 
„ „ j)in escapement, 670 

„ „ verge escapement, 60 

Watch and clock cscap^^raents, comparable, 
115 

,, „ „ difference in mod© of 

measuring, 621 

„ compensation- balances, table of, 
731 

Watch -1 obbing, 203 

„ size of, iuduence on height of in- 
cline, 165 

,, „ „ number ^ of 

vi brations, 
108,236. 334, 
457, 501, 596 

Watches, keyless, 796 

„ obje(;tioD to thin, 218 
„ quill i t V of, from diflerent factories, 

170 

„ timing of ordinary, 788 

Watchmakers, a hint to young, 204 
Wear of cylinder, I GO, 245 

„ „ verge pallets, 66, 70, 87, 90 

Weight, 7, 52 

„ and mass, distinction between, 2 1 

„ „ velocity of moderators, 734 

„ motor, 659 

„ of balance, its distribution, 184 

„ „ „ experiments re- 

quired on, 241 

,, „ „ and motive force, 

728 

„ „ „ its distribution, 728 

„ „ „ to ascertain, 241, 719 

„ „ pendulum, 534, 697, 707 

„ tables for conversiou of, 820 

„ units of, 20 

Wheel defined, 585 

„ driven by pinion, 642 

„ errors regarding light, 13 

„ escape {see under Escape- wheel) 

„ idle, defined, 600 
„ inertia of, 12 
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Wheel of number, 626 

Work, mechanical, 52 

„ out of flat, to correct, 255 

„ of halanco-spring, 757 

,, teeth of, 585 I 

„ quantity of, defined, 7 

,, to cross out, 291 

Worm-wheel depth, G50 

„ „ replace lost, 655 

Width of verjre pallets, how measured, 77 
Wiiinerl anchor escapement, 566 
„ on duplex escapement, 303 

„ ,, spring: suspension, 706 

Y 

Young on clastic stud, 767 

„ „ suppression of crutch, 567 

„ recording counter, 800 

„ seconds counter, 799 

Wires, twisted, 680 

Z 

Zinc as compensator 685 
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